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(57) Abstract 



A combinatorial synthesis 
method for fabricating unique families 
of discrete copolymer sensors and 
copolymer gradient sensors is provided. 
The method employs combinatorial 
copolymer synthesis of discrete 
monomer or oligomer combinations as 
well as spatially-varying combinations 
for generating large numbers of 
analyte-discriminating sensors from 
a limited selection of initial monomer 
and oligomer compositions. The 
method can be applied to either 
anatyte-specific sensors or sensor 
arrays or semi-selective sensors and 
cross-reactive sensor arrays which 
employ virtually any known physic- 
ochemical transduction mechanism 
for detecting analytes. Since the 
analyte rBsiK)nse characteristics of 
such copolymer sensors are not limited 
to a linear proportional ratio of the 
monomer or oligomer combinations 
employed, the resulting copolymer 
sensors provide for increased diversity 
in sensor and sens r array response 
characteristics for discriminating 
between a variety f materials and f r 
detecting and identifying analytes in 
fluid samples. 
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COMBINATORIAL POLYMER SYNTHESIS OF SENSORS 
FOR POLYMER-BASED SENSOR ARRAYS 

FIELD OF THE INVENTION 

This invention relates to a method for combinatorial polymer synthesis of sensors for poiymer-based 
sensor arrays and. more parlicuiarly.to copolymer sensor compositions, their synthe^ 

in chemical sensor arrays. 
BACKGROUND OF THE INVENTION 

combinatorial synthesis methods are known in the art and have been successfully employed h, a 
groyning number of research areas including drug discovery IE.M. Gordon, et al.. Acc. Chem. Res. 

10 29-144 (1996): MJ.PIunkett. etal.. Sdentific American. April 1997. p. 69]. drug optimization [Hobbs. t 
al Acc Chem. Res. 29:1 14 (1996)1. complex sequence^lective receptor molecule synthess pW.C. 
sm Acc. Chem. Res. 29:155 (1996)]. catalytic antibody production [P.G. Schultz. et al.. Saence 
269-1835 (1995)1. inorganic superconductor synthesis pCD. Xiang, et al.. Science 268:1738 (1995)1. 
inorganic magnetoresistance materials synthesis [G. Briceno. et al.. Science 270273 (1995)1 and 

15 inorganic luminescent materials synthesis IE. Danielson. et al.. Nature 389:944 (1997)1. 

Photochemical approaches to combinatorial synthesis have been disclosed in a number of references 

[see U S Patent Nos. 5.288.514 and 5.545.568 to Blman; S.P A. Fodor. et al.. Science 251 :767 (1991); 

U S Patent No. 5.424.186 and PCT Publication No. WO 92/10092 to Fodor. et al; U.S. Patent No. 

5 527.681 to Holmes, et al; J.W. Jacobs, et al.. 778 TECH 12:19 (1994); U.S. Patent No. 5.412.087 to 
20 McGall. et al; and U.S. Patent No. 5.143.854 to Pirrung. et alj. In these methods, photochemical 

syntheses of large arrays of biologically active compounds which are Immobilized on soi.d substrates 
are disclosed using conventional photolilhography methods. Wrth these methods, immobilized polymer 
compounds are assembled in slep^wise fashion using spatially localized photolabile masking groups 
in combination witti conventional masks for selective illumination, blocking, cleavage, coupling and 
25 photochemical reaction of functional groups with Immobirized polymer backbon s. These references 
disclose mett^ods for fabricating arrays of diverse biological compounds for chemical assays by vray of 
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photoinitiatecl reactions. 

. I Mflfa,r» 352-47 (4 JuW 1991): I- Lundstrom, Sensors and 

10 compositions deposaed in dfelinct areas ottheatiay. 

„a„= slal pcO.)Qang.elal,S*n«26B:1738(1M5))ha«discloseda,uaslconblnatoKa.^^^ 
To Tal^Xsuperc^nduCn, ,.>n «™s u.n, a simna, app^ach «, ««. o. U,r^. « aTT^ 
U^niod relies on a con,«na«on o, oorwenBonal «*. m-n d,pos«on memods and ^ 
rZ^^reaCn^ layers o. depos»ed n,atedals,o generate a apaWly da.ned „..a,y o, so«^ 
15 ltrlpos»l L elec^.* n.a,ne,io. or o^l n.a.edaU t, parallel Dan»^ 
!, IplnieL elal A««e 389:944(1 997,1 ha«d-«clos«. a, aasi<=mbina«nalapp.o,oh=«.aa 
:',na"t^::lm and «an9 ,or ra,d. s,n.es^ and p^^reenH, can^a. 1— 
Itrtals Whose propedies canno. be predicted b, «.eoretl=al models. This me*od ate. r.l»s on 
:rlTph,l"-«n,.nddepos«on.,mol«p,a«n«mla,,,s,orproduc«.no,avan.V^ 

20 ureTcomUna ,.r sobse,uen, raacton and s,n«.e* -a «,.nnal oxlda*« annaaUng ^.^ 
n.u»Ma,ered. s.lld^.e s.n«h,res u. lom. .bra.es o. candidal compounds for 



evaluation. 



Scbul.zpCTApp.ca.onNo.PCTAiS9S«3278Cns.P-b.ca^No,WOO«,187»,,d^o^a^^^ 
,or parallel depositon, syndesis and screening of arra>« of diverse compounds at P'«'=^"™"«^ 
,5 l^L on a solid substrate. The method re.es on del^nn, a pluraBy of components ,n any 
:^omet,y. or stoicb^metHc g-ad.nts, to regions on a subs^ ''^^^^^ 

reading the components tofom. a pluramy of difterent compounds. D»clos«. metho* 
^en.JI..»n^.mdeposltion,echnl,ueslncom«nat,on With n»sl*,9 and photol*.^^ 

andrtepensing methods wneredroplets or po«.e,saredeli»redbyasu«abled.penser^D^ 

30 methods .Or reaCng the components Include solution^ syn««sls. templar -"'^^^ 
pnottWated reactions. polymerlzaUon, healing, annealing and csta,llzat»n. The d»c^»ed m«hod 
is used for rapid parallel synthesis and screening to denlity optimized composfons thmugh 
measurement and comparison of their knovm targeted properties. 

With the above disclosed methods, vartous peratutatlons and combinations of candidate materlafe 
35 compounds.chemicalfunclionelltyor lemenls are e:<pedmentally synthesized and screened to identrfy 
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^ . fnr a known application. With these methods, combinatorial 

the targeted application. 

sensors empio, »Hous ssns-ns n.ech.™sn,s. *° ' ,„j„^rtll«.ofta™et 

.e=h,,.c,., opecsl. or ««n,,. properties ..s««o,n««nsMo^^^ 

fc«. chem/ca/ Sensors and M/croinsfrumerrfafion. ed. R.vw.iviurray. 
analytesmcontacllseeC/iem/^/Sens chen,/ca/ Sensors. OxfoKl Univ. Press. (New 

Chemical Soc. (Washington. D.C. 1989). R.W.Catt a«.c et ai.. Inst of Physics 

VorM997);Han^o.o.C.en,^a^^^^^^^^^ 

Pubfehing (Phnadelphia 1996); G. Bo«le. etal.. ^"^ . ^ ^^^^ jVave Sensors, 

and iVavegu/des. Artech House (Boston 1996); and Surfaoe-l^un^ed AoousUa W 

M Thompson, et al.. J Wiley & Sons (New York 1997). 

'"■»^°""'"7;"t^t„Z produces e cK,n,e U, ch,„e carHers v*>oh creates a 
^mu. these sensors, the adsorbed ar.aly<e pr developed for measuring 

analytes. 

U.S.Pa«n.No.47,7.S7.teW.ig«or.,e.a,,d^sc.osese,ec«de.pp»ca.-onso,cond^^^ 

^ weracton o, a polynrer v*, an anaWte prodooes a charactenstc "f '^^/J 

Z S696314«.McCa«re,.e,a..,dteclos.sanamperomeMcel.c^d vhere a cbaraCenatc ourren. 

35 Is produced by Inleradion of an analyto with an ImmoMaed enryme layer. 



PCrAJS99/19624 

WO 00/13004 

on a channel portion of the FET. 

M3s«e„s«« .neo^c, .ropers M« ..so ^ ""t^Zr^r^a" 

30 -.-,coa«^a„a„«e....s„.^..^n^;^^--^^^ 
♦aroat analvtes Isee W p. Carey, et al.. Anal. Chem. &8.t»» ^is»oo;, 

target anaJytes isee w.*-. ^- Generally, such devices rely on 

67:1092 (1995); J.W. Grate; etal..-Ana/.Cheni. 672162 {1995)J. y. 

3elec«velnte«cdonofanana,ytewimath-.n«mcoa«ng placed on an ac«vesurf^^ 

«ncr.gorpar«fion»^ofanana.yt duetothepr senceofth -^-^ -'^^^^^ "'"^^ 
35 oftHeserr.reduced.propo^ontothe.ncreasedn,assofana.yte. ^^^^^ ^^^^^^ 
coatings, these sensors are capable of detecting analytes by measurement of changes .n crystal 

oscillating frequency. 
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rdsorpeono.anaMes.,>,n,.c™canB.»rc=a«<.>»*.son*v.ma«,«.. 

M. ^'^"^T^Z^ » =»«'a.o„ ,«,uenc c^a^es than co^a-Xlona, 

:rerr=rr:.a„^a.u..a..-^^^^^^^^ 

lsA>«*vtees.U,U.S.Pa.e«Nos.4.S«,0,7toP,.c....a,.,S.15U10^B«^^ 
„,«.«aUa„.S^.04»Ma^.e,a,.,suK^aco^™™ 

sorpe™ surface eoattig. Surface acoua. ^4 608toUlcsWn.etal..and 

i *e.W«%se.c^coa«„9=h^.b.end=^as^P«^^^ C«e-^ ,„ op..a. se,ec.ton 

t,Ra^,e,^IMi^PP.e.a».Base™».JA«tC^^3S2^^»^^ 

:r:r:rr=r;=r;a...;.a.c.a..^ 



indicative of the analyte. 



,c son^on o. analytes a, a senscauface Esee Kawahara. e, a,, ^"-^ "Jf ^^'^ ' 
Su»„,1a>-,e.a.,>^U<t17:«(«84);Ou,W,e.al..S»..Ac«,at 6:107 (19M).V.S.Y^^^ 

30 Sc<e„ce.7e:«0P, Oct 19,7,,. 

US. PatemNo. 5,606*33 to G^sar. e. a,., dlactoses a »a„aduc*«, n..«.o<. v*«h «l«s on mo„.o.™ 
U.e intensity raft» of TM and TE po.anza«on o( an ,nc«en. Ugh, beam where attenuaton o, TM 
polarlza«on occurs due to adsorption of an analyte a,«ie sensor surface. 
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, Iheis «ber pSc airays and Oolit absoibino dyes 

C.RC. C* Rev. An^^ f-^^T^™ » So« (N«, Yo* Di,. Waft al.. 
5 sensors and Mlc«Mwn<enl^. ACS Sympos. (,991); SM. Bam«d. 

(Boca Raton. FL 1991)1. US.PatantNo ^ „„™rti„9 mglliple chemical ftincttonaiaies. as 
fc,a»*ln9aplun.«t,.fpol,mec^comt»,al»ns.«P^^n^9rn P 

,0 o*^se^e,e™n..al^o^a.«,-^^ 

:::rrerr,n«.ap,esenceo,a„anaMew..n«.b..c.ed».«c»a^*.en«W. 

S„^ce .aa^on ™e mel«o.s l,a« ,ecen,v ^ ~ ^r^X^Z-lt. 
,5 n«mods,o,cHen^lsa.»«s.<.e»«n90,^M^saeK^^^^^^ ^'^^^ ^ 

(198»); D.C. cunen. at al.. Sensor, and Ac«,a*,rs ='^J^<;^'.; ^ ^,^.3, « 

Senso^and^a^B 90-^.^5099^ U.S^ 

5.647.030 to Joigenson. et aH. Cush discloses a absorption on the 

- -e..so.n.a^eo,^c««..^^^^^ 

sensor. U.S. Patent Nos. 5.359.681 and 5.647 w a ^^^^^ ^^^^ 

surface ,ef«cli.a Index due to absorption of an analyte bytha «lm layer, 
.a ™.e.eabc«s.„s.9rne,bcds.yp^.yre.o^^^^^ 

detecfing and WentKylng a b™«. range »• "'^-^"^ f^^^^ „ , p^Hlcular analyte as 
there Is no need to employ sensor elements which are specrticallysensmw P 
30 Tcomblned sensor responses v^ln the sensor array are used for produ»9 a charaCenshc anay 
response to a diverse selection of analytes. 

A «,iet, of sensor transduct»n methods have been employed In soch cross-reac«« ''^ 
irlnsor array elements may utll^ any determinable phy^hanUcal P^-"™""" J"""*^ 
ritetssc o, the sensor-analyte ln,erac«on and which prov«es a d^inafn, '^^^ 
35 Xse Thus.chan9esU,el=chlca.prope*s,sochasconduc.ance,rslstanca,,nte,fec.po««^^ 
Z^en^lMJn.olta,eorreac.lon«.rren.s.op.lcalprope«es,soch.sabso,p^n,e,n=s,on 
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analytes. 

«,«thnds have been applied to surface acoustic wave sensor formats 

p. o«.e, ' J"^, La.^ sensor ,o„na.s p. S.«.«. « .... *«1 

Zellets. el al.. /lna/.Cftem. 67.1092 (18!»)1. >teft«(<« B 

C.e™. 5.:»0 0S«„. co^u^ 'Z:;^Z^V^J^n^^:^.-^---- 
18-19221 (1994); M.Freund.etal.. Proa Na«. Acaa set u *,a(. Cftem. 

10 paBrtNos.S.571.401an<.5,698,0891,a,«lpl=zoele*,csenso,fo-n,atsP«.Ca,e,.eta..,*. 

602801 (1988); T. Thundat. et al.. A»/.Cftem. 67:519 (1995)1. 
„o«,.oe*Wa.e.a,.,.a.e^c™ss-,eac.e.,.rop«=a™^^^^ 



to analytes. 



r:ra:c.e..od^r.a„de„.,„*,ae„ao,,a3C^..espo-^-^^^ 
a„dsetecM.,and ma, be successfun, employed V>mos.«,e,y sensor fom»tDue^^^^ 

,,e«.T»,a«.con«-o,po,,mers.ruc«.re and propers. po.,mer»,ms may be chem^d^^ 
25 preferlall, adsorb or rape, particular analyles. thereb, signMcanOy lmpro«ng selects*, of a sensor 
' «ms ma, enbance cbemica, sale*,, b, e».er aneHn, .b. ^^^'^J^ 

between «,e sample medium and sensor or modifying *e Wnsport properties of ana^^ 



to the sensor surface. 



Ava,ie.,o,p.Nme,ioma»dateha«beenemp,.,edlncn»s«a=Wes«.s.,arra,s«sem^^^^ 
30 tlreleZ^topro*.eford»crim,na.o„be*.«en.ar,e.an,l,tes. ,„ fbese appUcatop anaM. 
rL»^ma,beac«.ved b,e«p.o»n9,a,iouspo.,merprope.^sucnaaanaW«^^^^^ 

p„»on coe^icie.* (J.W. Grate, e. al../>na/. Can.. 67:2162 (1 995); J.W. Grate, e. a... Sens. Ac<u^^ 
r3:65 (1991), molecular pola,i.,tJ.»Vb«e.etal.,Ma,.C.em. 682191 (1996,;T^D« 

Na^ 382:697 (1995)1. dimensional ohanjes or swelling upon exposure to analytes p. 
35 /^cften.682191(1996);TADicld,»on,etaU/«ure382*97(1996);M.C.Lone™^^ Ul.Clre™. 
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C/;eM7ECH927 (1994); XW. G««. e. al., /0,s.. Che™. 6.:9.3(.996)1. 

detection of a variety of target analytes v«lh such arrays. 



SUMMARY OF THE INVENTION 

c, *elr d.rt»«.es. where tt,e monomers or .Bgome^ ar. pc^^oOm «tt«r ""^ 

or «om con.™»us^ van*-, compos».„ ra6os. The syndesis of ""T" "T^^ 
,0 rpe,.om.e<, on beads as s>>^ me«*a,s. .ea^,n, .o com«na»,ia,„ — '^^^ J^^; 
meLp.o»les.o...er3,«deve.opmen.and8e,«a«o„oflarge.am,.eso.mno«^^^^^ 

Imer server e,emen.stor use m chemx,. arrays »om a Wed r,umber o. av,a«e 
nTomersUr^r^ materials. B,n,=reash«,«,e number o. unique sensor e,em.r,. Wes.n a sej«» 
irrhcreaJamo»« o,d^m,na«,« cbaracte,^ sensor response in.orma.on « provrded ft. 
.5 r2 and anU . date*, ana^ o, Merest B, increa*, «» ^Zrl^ 
i„,„rmaBon wbicb is generated b, such sensor e^vs .or process,ng b, •"^ "rrnTrZ 
oomputer^ssed pattern ^cognlto., schemes, Ihe detection capabili., and sens«™.y o. .he sensor arra, 
to a varfeV ol terget analytes is greatly enhanced. 

The com«nate^l potymer syndesis me«,od .or .abrlcting chemica. sensors o.«.e P«-~^ 
30 ».nhe, proxies .or synthesizing a large .amity o. copolymer sensors tba. produce more 

*aracte,is«=,«^nsesto,he presence o.ana,yteso.irteres.tbanv»uld be antK:patedwh.nl»«^ 

more dMeren. monomers or oBgomers are proportlonall, combined m varying <»'"P'f°" ' 
copolymenzedtopr.duceanewcopoi,mers.nso,ma.nxma.erial. Th r sponse charactensscs o 
such combinatonat poiyme, sensor, are «,us more unique and distinctly «.an .he mere proportonat 



wo O0/I3OO4 
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combination of starting monomer or oligomer materials would suggest Th ability to create such 
variations in the responses of sensor lements to target analytes. from copolymerization of two or more 
starting monomers or oligomers in varying proportions, represents a potentially powerful and useful 
approach for chemical sensor anay development and fabricalibn for chemical sensing of an Increasmgly 
5 large number of target analytes. 

The polymer sensor of the present invention can take on a variety of configurations for generating 
chemical sensor diversity through the combinatorial polymer synthesis method. In one embodiment, 
predetemiined composition ratios of two or more distinct monomers or ofigomers are combined and 
polymerized to fomi a unique copolymer matrix material useful as a polymer sensor element In this 
10 embodiment specific monomer or oligomer composition ratios produce discrete copolymer sensor 
elements which exhibit unique and characteristic responses for given target analytes. As more fully 
outlined below, this can be done in a variety of ways, including polymerizing the mixtures onto dscrete 
sites of a substrate, or onto microspheres dislributed onto the substrate, or by polymerizing the mixhires 
into beads which are distributed on the substrate. In an alternative embodiment, prepolymer mixtures 
15 of continuously varying ratios of two or more monomers or oligomers may be copolymerized to form a 
continuous copolymer gradient sensor which has a spatially varying polymer structure. In this 
embodiment the continuous variation in composition ratio during polymerization of two or more distinct 
monomeis or oBgomeis to form a copolymer sensor matrix creates a gradient sensor having a spatially 
varying copolymer stnicture with unique analyte response characteristics which vary according to spatial 
20 location along the copolymer structure gradient With such gradient sensors, each location within the 
copolymer gradient provides a uniquely characteristic response to target analytes. With these 
embodiments, by utilizing predetermined varying composition ratios of a relatively small group of 
monomers or oligomers and combining them In predetermined pemiutations and combinations of 
prepolymer mixtures for copolymerization in differing proportions, an expansive set of unique 
25 combinatorial polymer sensors are made avaDable in which each sensor exhibits a unique characteristic 
response to a variety of analytes. 

The combinatorial polymer sensors and sensor arrays of the present invention may be employed vwith 
a variety of detection or transduction mechanisms for providing a characteristic and discriminating 
response to target analytes of interest Sensors of the present invention have utility in a variety of 

30 sensing applications as either discrete sensors or in sensor arrays where, upon exposure of the 
copolymer sensors to analytes. Interaction of analytes with the sensors produces a unique, 
characteristic, and determinable, time-varying, physicochemical response, said response detected by 
measuring a property selected from a group consisting of mass, temperature, heat, voltage, current 
polarity, intensity, refractive index, polarization, phase, wavelength, frequency, periodicity, and dimension. 

35 said response being indicative of the presence or at)sence of certain analytes. 
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^ TZs Lalures «.ch as «irta1ion .bson«lon, emission, tensirtsslon or reOecton 

5 J.r^^^eV sensor coa«n,s ma, be enrplced ^ ^ez=e..*c sensors, sn* » 

^Trlba.ZIso,,acea=ousfcwa«(SAVN,,or.»,,Kacous.owa»(BAV«)s.nsors.™..en»» 

3^ such coa«n,s provide for diso^ninaiion »«. d«ection o. ana^tes due U, mass changes 

rCTo, ana^i I addi-on. anaMes ma, he ide^i^ed and empM™ 
JILI-a.copc.,msrs«»o.a™. sensor ana^fabdcated from dietec«c and conduc^n,^^^^ 

10 rrsorp»noZ^anaM.sproduceu.<,«andd«.a*.«techan.esh,e=^ 

.Oilageorcwrent other en,hod»n.n,sinCudecom«na«,.a.p..,mer sensors wh,ch^ 
rn^l^eniempera^re chan.es or hea.,ene,3Uddu.U.adsorp.ono,.^«^^^^ 
«.i,hmicr«alonme.er sensors, .on^,ec«ve eiec^ochem^l sensors«hlch rei, - 
reac«on h.,^ce,, voiages or rea«lo„ current, o, measudng ^mensionai, mechan«a, or omer 

15 physicochemical changes in a sensor due to analitesorpton. 

,n one emh«.iment where characterisiic op«cai response signatures are emplo,ed « »" 
..,cnn*-«means,com..na,o,,a,po,,rnecsensorsma,becoup,ed»,h.iber^^ 

tightsources and op«oa, detectors, in embodiment, the sensors and sensor .rra,s 

Into, are t,ptea,l, ..boated by ,mmot*ir« a copotymer sensor a, the end o. an «P^' <^ 

20 ««ropfca.ra,.comp,^o.e««ratibero,*bundle.ap«*>nned.un«ar,«beroptcarr,,or,n^ 
,iberc«lp«»ap,ura1.,o.indMdua,«be,. .„ „„e prefened embo*nen, a d,ecomp.undn»,b. 
,„corp.n,ted within a copo.,mer mettc which is phoU>dep.sited by photoin^ated -^■^^T^ 
t™ or moreditferenl monomers or oligomers. VWe sol»tochromic dyes ha« partcular utu*, ,n ^ 
sensor and sensor arra, embodiments, an, indicator d,e ma, be employed with such ^ns»s to 

25 produce,ch.racteristicopticairesponseuponexposureto.«ita.ionllgh.inthep,esenceolanal^ 

Where dye compounds a» employed in copolimer optical sensors and sensor ar,a,s. soivatodtronsc 
d,es ar. partlculari, useful since these d,es are known to exhibil shifts in emission wayelength 
depend»« on the poiatlt, of the local pol,me,mat,ix.anal,teenvironmenl VVhensot«tochrom,c dyes 

are employed, an analyte contacting the copolymer sensor element tsrpicall, alters the polymer 
30 mlcroenviranmenl. generaii, produdng a change in polarit, and gMng rise to a complex temporal 
change in the fluorescence signal of the sensor When subject to excitation light energ,. The phase 
Wensity. and shape of these temporal outputs depend direcO, on the ph,slcal and chemical nature of 
the particular polymer matrix in which the dye is entrapped. 

While the copolymer sensors of the present invention may be emploiwl as ither anai,te^cillc 
35 sensors or as analido^pecilic sensor elements in a sensor arta, where specilic sensor elements are 
uuiized for detecting specilic enal,les. the sensors and sensor arrays of the present Invention would 
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K,vepa*cuteru«»,ass,n*«lecS«senso,elemenBincr ss«adl« sensor arrays. Sem^e'"** 
r^ar.se»I«W.h^.e,ac.v*a,a,,e™..«ro,ana^a,K,dono,,„.e.c.a«.„^^ 
rsp«*anaMa. Such s.nso,spro*.e for a broad range o. responses to a vanety of anaWtes. -n-a. 

llytes can be defected and/or Wantilied a -sianaSire- .tindh*.ual responses on f^a se,^ 
5 sin*arLen,,nn.r.nwbU=h-etec*onlcnoses-wor.cCross^c«vesensora,ra,s.,.an^^ 
rmp,iseanun,bero,p.<n«.Vsensore,en,e„,swW=bn,a,.«herb.se,ec*«..sp,«^^^^^ 
«™L«*«.oavariety of analytes.T«=.<»lly.«.=b arrays oompriseanumber of u,dl».dua1.br.^ 

,esponsl« sensor elements «hl=h are semisele*e. The sensins elements rfs.* arrays can pr«-d. 
^^d^. .me^-yin, response fo a «He.y of anatytes and are d«,erent,a,„ r^r^to 
10 aZnumb«o(ana,y.ea.Tneapp»ca6onofs«*se,ec«vesensore1eman.s.cr»s«ad^sa^^ 
anJ^^usenabtes using sanso. and sensor mate^.s«.«, ma, no, otben^se be useftrlasan^e 
speScs«».rshcon«^tsensorana,,p,^Th.combina.o^.po.ymers^.has« 

rfab,.ce«r« copolymer sensors of .he presen, in.en«on b particutart, 
semi^lec«.e sensors for these sensor appfailions. B, prodding new Cesses »' 
,5 copolymer sensors using «,e combtnaforla, potymer synthesis method of ^ P"-"' "-"^ 
expanded numbers of unKine and d»e.se chemical sensors are thus pro»ded for m a .anefy of sen«. 
„ansdu=»on mechanisms so as ,o Increase me dlscnminatlng capabniHas of chemical sensors and 
sensor arrays b, Increasing tt,e divert in the characteristic temporal responses of such sensors !o 
variety of analytes. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Thisinventionfepointed outv«lh particularity In the appended claims. Other features and benefits of the 
invention can be more clearly understood «ith reference to the specification and the accompany,ng 

drawings in which: 

Rg. 1 is a schematic diagram of the photodeposition system used for fabricating the copolymer sensors 
25 of Examples 1-3; 

Rg. 2 is a schematic blockdiagram of the apparatus and instrumentation used for measuring the optical 
response characteristics of copolymer sensors of the present invention; 

Rg. 3 is a fluorescence image of a sensor array comprising eight discrete PS802/MMA copolymer 

sensors of the present invention; 

30 Figs. 4a-d compare th temporal fluorescence responses of eight discrete PS802fl^MA copolymer 
sensors with various MMA additions upon exposure to a) benzene, b) hexane. c) 2-propanol. and d) ethyl 
acetate; 
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Rgs 5a-bcompar a typical fluor scence im-age of a PS802/PS901 .5 gradient copolymer sensor of 
the present invention In Rg. 6a with aPS901.S non-combinatorial polymer sensor .n Rg. 6b: 

ngs 6a-b compare temporal fluorescence- responses obsen^ed at consecutive P°'"*- ^»*"^ « 
PS802/PS901.5 gradient copolymer sensor in Rg. 6a with the responses of a PS901.5 
5 non-combinatorial polymer sensor in Rg. 6b upon exposure to benzene; 

Rg 7a-b compare temporal fluorescence responses obsenred at consecutive points along a 
PS802/PS901.5 gradient copolymer sensor in Rg. 7a with the responses of a PS901.5 
non-combinatorial polymer sensor in Rg. 7b upon exposure to methanol; 

Rgs. 8a-b compare a fluorescence Image of a PS802A4^AA gradient copolymer sensor of the present 
10 invention in Rg. 8a with a PS802 non-combinatorial polymer sensor in Rg. 8b; 

Rgs 9a:b compare temporal fluorescence responses observed at consecutive points along a 
PS802/MMA gradient copolymer sensor in Rg 9a with the response of a PS802 noncombinatonal 
polymer sensor in Rg. 9b upon exposure to hexane; 

Rgs lOa-b compare temporal fluorescence responses observed at consecutive points along a 
15 PS802/MMA gradient copolymer sensor in Rg. 10a with the response of a PS802 non-comb.natonal 
polymer sensor in Rg. 1 0b upon exposure to methanol; 

Figs 11a-b compare temporal fluorescence responses observed at consecutive points along a 
PSSOTnmA gradient copolymer sensor in Rg 1 la with the response of a PS802 non-combinatonal 
polymer sensor in Rg. 1 lb upon exposure to benzene; 

20 Rg. 12 is a dendogram plot comparing the dissimilarity in response of discrete copolymer sensors to 
benzene vapor; and 

Rg. 13 Is a multidimensional scaling plot comparing the dissimilarity in responses of 
a gradient copolymer sensors and control sensor. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 1 . Combinatorial Synthesis of Copolymer Sensors 

The cbpolymer sensor elements and sensor arrays of the present invention are fabricated by thermal 
polymerization, photopolymerization. crystallization or precipitation of from a pr cursor solution, 
comprising of a mixtur of monomers or oligomers In varying compositional ratios, to form copolymers 
having distinguishing polymer structures. Particularty useful sensor candidates for us in th copolymer 
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sensois and sensor arrays fthepr s nt invention are monomers. oDgomers or prepolymers wh.ch. 
when polymerized, exhibit either characteristic swelling responses, characteristic Po''"*^ f^^^"^' 
charalristic electrochemical potentials. chabcteHstic electrochemical currents, characterise 
conductance, characteristic solvation effects, characteristic partition coefUdents. charactenstc sorpt«,n 

5 properties or characterishc structural features upon exposure to various analytes due to coml«natons 
of such matedals in unique composition ratios. In selecting candidate monomers. oDgomers and 
copolymers as sensor materials and evaluating candidates based on desirable sv.ell.ng. pdan^. 
solvation, partition and adsorption characterisdcs. tv«, particularly useful references a^: R A Mc^ . 
et al.. Chenrtech. September 24. 1996. p 27-37 and J.W. Grate, et al.. Anal. Chem. 68:913-7 (1996). 

1 0 hereby incorporated by reference. 

The choice of copolymer sensor famHies used to fom, the sensor array elements in a particular sensor 
array is primarily detem^ined based on the transduction mechanisms to be employed, the analybcal 
purposes of the sensor, and the analytes which are anticipated targets for detection. Features such as 
polymer sensor matrix polarity, chemical struchire. chemical functionality, surface area, pore «e. 

15 swelOng characteristics, partition coefficients, solvation properties, or chemical sorption behavior, e^er 
separately or in combination, contribute to the characteristic response signature of a given polymer 
sensor type. In one embodiment, sensor materials which are pemieable orsemi-pemr.eableto va,^r 
or nqukl analytes are preferred. In another embodiment, sensor materials that swell upon contact wrth 
vapor or liquid analytes are preferred. In general, monomer, oligomer and polymer materials which 

20 have unique polarity: structure, pore size, surface area, functionality, analyle partitioning features or 
adsorption characteristics are particulariy useful for copolymer sensor matrices of the present Invenbon. 

The combinatorial polymer method for fabricating sensors of the present invention can utilize 
polymerizable prepolymer mixtures of any monomers or ofigomers that copolymerize by erther 
photopolymerization orthemial polymerization and which are either themselves misdble or are msable 

25 in a solvent The method provides for a wide diversity of compositions selected from diverse polymer 
families such as vinyl or olefin polymers. Including free radical polymers or addition polymers, and 
condensation polymers, where any combination or pennutation of two or more distinct monomers or 
ongomers may be polymerized to form linear, branched or crosslinked copolymers. By utilizing erther 
discrete compositional ratios or a varying compositional ratio gradient of two or more monomers or 

30 oligomeis in the prepolymer mixture, copolymerized sensor matrices may be fabricated having unK,ue. 
distinguishable, and characteristic swelling behavior, polarity, conductivity, resistivity, piezoelectnc 
properties or chemical adsorption characteristics upon exposure to analytes. 

A. Monomer or Oligomer Selection 
Avariety of polymer sensor chemistries may be utilized in fabricating a wide diversrty of sensor families 
35 according to th method of the pr sent Invention. As wfll be appreciated by those in the art. while 
different sensors below list sets of suitabl polymers, any of the monomer/polymer combinations may 
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be used for any sensor. By way of example, a monomer or oBgomer may be selected fr manymember 

Of the group of condensation polymeis derived from such monomers as alcohols, dialcohols. ammes. 

diamines esteis. dlesleis. carboxyOc adds, dicarboxylic adds, diadd chlorides, carbonates, anhydndes. 

amides 'imides. benzoxazoles. benzlhlazoles. benzimklazoles. quinozalines. aromatic compounds. 
5 including spedfic polymers such as phenol-fom^aldehydes. ureafom)aldehydes. melamine- 

fom^aldehydes. acetyl compounds, lactones, nylons, or polyesters. Alternatively, a monomer may be 

selected from any member of the group of steppe reaction polymers comprising sulfones. efters. 

phenylene oxides, phenylene oxide ethers. Diels-Alder^ype reactants. urethanes and arylenes. 

Monomers may alternatively be selected from any member of the group of vinyl polymers comp,«.ng 
10 ethylenes, vinyl chlorides, vinylidene chlorides, tetrafluoroethylenes. acrylonitriles. acrylamrdes. 

acrylates. methaciylates. acetates, styrenes. induding derivatized styrenes such as methyl styrenes. 

vinyl esters, vinyl pyrrolidones. butylenes and butadienes. 

For optical sensors, sensor elements are typically selected based on distinguishable differences in their 
Characteristic optical response signatures when illuminated by excitation light energy In the presence 

1 5 of a target analyte. In fabricating polymer sensor arrays, polymer sensor elements are selected whid. 
have charaderistic optical response signatures when infiltrated with a reporting dye and illuminated by 
exdtation fight energy In the presence of a target analyte. Thus, preferred optical sensor matenals for 
copolymer sensor arrays are seleded based on both physical and chemical differences in sensor types 
whid,. in combination with a reporter dye compound, produce a d^aracteristic optical response signature 

20 in the presence of the analyte when illuminated by exdtation light energy. 

The following monomer, polymer and copolymer compositions and their derivatives are particularly 
useful as candidate copolymer materials for combinatorial polymer optical sensors of the present 
invention: polyethylene glycol, polycaproladone. polyarylamide. methyl methacrylate IMMAl. 
2-hydroxyethyl methacrylate. siloxane. dimethylsfloxane. acriyamide. methylenebisaciylamide IMBAJ. 
25 poly (1.4-butylene) adipate. poly (2.6-dimethyl-1.4^,henyleneoxlde) pDPOl. triethoxysilyl-modified 
polybutadiene {50•^ in toluene) pS078.51. diethoxymethylsilyl-modified polybutadiene in toluene 
PS078.8]. acryloxypropylmettiyl- cydosiloxane ICPS2067]. (8(W5%) dimethyK15-20%) (acryloxypropyl) 
methylsiloxane copolymer IPS8021. poly(acryloxypropyl-methyDsiloxane tPS901.5]. (97-98%) 
dimethyl-(2-3%) (methacryloxypropyOmethylsiloxane copolymer PS8511. poly{acrylonltrile- 
30 butadiene-styrene)! PABS]. poly(methyl methacrylate). poly(styrene-acrylonitrile 75:25) pSANl. 
acryloxypropylrriethylsiloxane-dimethylsiloxane copolymer, methylstyrenes. styrenes. acrylic polymers, 
and methylstyrene divinyl benzene. 

Copolymer electrical or electronic sensors wrtiich rely on conductance, inductance or resistance as a 
transduction means for detection of analytes may also be fabricated by the combinatorial polymer 
35 synthesis method of the pr sent invention. The following monomer, polym r. and copolymer 
compositions and their d rivatives would be particulariy useful as combinatorial polym r candidate 
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mat rtate for etectncalconducti«Jm>ucS« or reslsti« copolymer s.nso,s and s 

me»«oce„^a,h^a«. *„n. o*Ua, a,oma«ca. a-M or a,K 

, l^aas. p^pylanas. d-«-,as. ^ chloridaa. carbonates, via,! acetates. „re«,anes ba.ad»n« 
a^TaL melclates. chloromethylated styreaes, »n,.amines. and arsenic pentanuor^e » 
ro^lTo^ad comlltoria, poWme-s compr«n, poNaoe,„ene. poV^^ytene. pCpyrrole and 

polyphenylene sulfide. 

Copo.yn,er piezoelectric sensor coa«ngs v^ich have dfetingu.shab.e analyte -;P«-- ^^j^^^'^ 

3 pal7coe«^ntefrectsmay^befab^t>ytheco.binatoria.po.yn^^^ 

Lent invention. For example, thin films of the following monomer, polymer, and copo^er 
::^onsand«,elrde.iva«ves are pa^c^lariy useful ascomt^natorialpo^^^^ 
coaC for Piezoelectric substrates in piezoelectric-based sensor arrays of the present nventon. 
polyimL. polycarbonates, phthalocyanines. st^ene-butadiene-styrene copotymers, cyCophan^. 

5 phthalocyals. thiols. Planes, lipids, nucleic acids, enzymes, anybodies. triethano.am.ne. quadrol. 
ethylene dinftrotetraethanol. ascorbic add. capiscum. L-glutamic add. pyrido»ne. tnpheny.am.ne 
methyl-trioctylphosphonium dimethyl phosphate, glutathione. NAD. ethylene maleate. tnethanolamme 
:;LratcollLn.butadiene.c.^onMes.^ 

sobuty. ethecs. po^r vin^ blondes, caprolactones. caprolactone triols. butadiene methacnrta^e. me*y^ 
.0 methacylates. po^styrenes. ethylene glycol methyl ether, vmyl carbozoles. abietic -^■^^''-^J^ 
' ether / maleic anhydride, polyethylenes. ethylcellulose. fluoropolyols. slloxanes. «'Mam.no^^ 
substituted polysiloxanes. poIy(4-vlnyl hexafluorocumyl alcohoO. hexafluor.2-propanol-substrtuted 
polyslloxanes. polyepich.orohydrin. polybis(cyanopropyO-siloxanes. polyvinyl tetradecanate. 
polyisobutylenes. poly(trifluorpropyDmethylsiloxanes. polyethylene maleates. polyvinyl propionates. 
25 polyethyl enimines. polyphenyl ethers, docosanol. diglycerols. polydiphenoxyphosphazene«^ 
diethyleneglycol adipate. polychloroprenes. acrylonitrile butadienes, apiezon L. ^^^^^ 
polysiloxane. . polyepichlorohydrin. ' pheynlmethyldiphenylsllocone. -nyl-mod-fied 
trifluoropropylmethylsilicone.tributoxyethyl phosphate. poly(hexyl arylate). poly(2-hydroxyethyl annate). 
N-ethyl o,p-toluene sulfonamide, and phenyl ethers. 

30 copolymer sensors which demonstrate affinity for spedfic carbohydrates or sugars due to either 
hydrogen bonding or boron bonding, via ester bonds, to sugar molecules are also fabricated by th 
combinatorial polymer synthests method of the present Invention. In one embodiment, such sensors 
are produced by incorporating a number of different boronic adds, for example anthnrlboronic aad or 
phenylboronic acid, in varying ratios into a polymer or reacting various boronic adds with a polymer. 

35 th reby enabling the synthesis of copolymers having uniqu affinities for selectiv ly binding specrfic 
sugars and carbohydrates. 
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sensor nade ftom the WowNl h,drophinc monomer, oloomo,, and prepolymer oompoeilio,« end 
tlZZe^ a, partioularl, useful a» coml*>ato,i,l polymer s„*e* ca™ilda« seosor mat«uils 
Tst^r^ -Ih,--.^ in copolymer eensor arrays o, *e present ,n«n.o„: .»™n.o e^^. 
l;ln.c ^. l,„p^mu,es, po„e.«,ene '■'^JTZ:^ 
pCaClamMes. nylons, polycartx-xyUc adds, polyactio acid, or potymaleic acd. 

sensors made »om copolymers o, *ese compounds rely on .«n»y o, su,am or -'^''^rX^; 
e«herMro,enbond».g or boron bonding V* the copolymer. For copolymer sensor «h,ch «l^ • 
K^nbon*,,tbep,.senceo,d^ro^8..ups3repad.oulaHyuseM.Ca,bob,d.^ 
sCrs may be employed In sensor arrays whlob rely on detecting changes n mass due to anal^ 
adZon I. «Hen comt^ned ^ .uoresoen, dyes, they may be used ,n op.»a, sensor ana^Jo^ 
de.eZ,cha,ac.e,ts.cop.>o,esponsesignaturesU, response to .nalytes. Pad«ularly useful cand^J^ 
d^atrlals include fluorescent indlcators^hich may be elther lnoorporatede^o or coniu^^^ 

the copolymer sensor as discussed below. 

. copolymer sensors which demonstrate affinity for specific metal ions or ion salts due lon-copolymer 
l:rfom,a«onmava.sobefahH«^ 

invention Charged Ions having different affin^es for metal Ions and ion salts are combined wrth 
copotmers In J^^ng combina«ons and ra«os to generate unique --'^^^^^^^^^ 
affin-^.«nd.ng proper«esandun-.ue response characteristicstoanalyte^^ 

3 fmm the following hydrophilic monomer, oligomer, and prepolymer compos*ons and ^^^^^-^^^ 
would be particularly useful as candidate combinatorial polymer synthesis sensors for metal .ons and 
ion salts in copolymer sensor arrays of the present Invention: polyethylene glycols, polyalcohote. 
polyvinyl alcohols, polyethers. polyethylene oxides, polyesters, poly HEMA. polyethylene terepthalate. 
polyamides. polyacrylamldes. nylons, potycarboxylic adds, polyacrylic add. or polymaleic aad. 

The affinity of candidate copolymer sensors for metal Ions and ion salts may be modified by eittier 
negatively-charged ligands. such as carboxylic adds, sulfonic adds, phosphates and phosphonates^ 
which attract metals or positively charged ions, or positively charged ligahds. such as teb^ 
alkylammonium and phosphonium salts, whi* attract ion salts or negatively charged ions. Such hgands 
may further modify the affinity of copolymer sensors by changes In Ion coordination, charge repulsion, 
or steric effects. These ion sensois may be employed in sensor arrays which either rely on detecbng 
d,anges in mass due to analyte adsorption, or. when combined with fluorescent dyes in optical sensor 
arrays deteding diaraderislic optic response signatures In response to analytes. or. In electrochemica 
sensor arrays, detecting characteristic potential, curr nt or conductance ranges. Particularly useful 
candidate dye mat rials include metallochromic indicators, such azo and triphenylmethane dyes, and 
fluorescent indicatois which may be incorporated into conjugated with the copolymer sensor as 
discussed below. 
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Co»<*™ersenso.3 which demonswt cha«cl«is«c hWrophOlc or h,d™phobic properties ar .te. 

. ^„lo of lamel ahalytes between the copolymer and a fluid sample mednim. VW. such 
a M wouM demor^trat. a,..^ .or a hydmphot* copolymer aensorlh a 

S KZ^r.n:a»na„dh,d,oph»,cana,ytewo>.,ddemo,»,mtea«.*.«^ 

^r in a hydrophobic fluid medium. AltemaSvely. a hydrophobic «.pol,mer repels a h,d«.ph^ 
an"nZandaCdUlccopoWmerrepelsahyd,.phobicanalyt..Ther.l«iveafli™.y«^^ 
anZ..*».~P<.>ym=rse,«or leadsu. partidooln, of fl»analyte betweehthe copolymer and fluid 
mZratd «.,s ^T-C-H* ma, be employe, fo, detect, an analyte m a 

10 ^ZL Physical, elecdcal. op«cal or chemical response of the eensor to the part«oned ana^^ 
rn^.y.tpT,«.ionln,copclym.,senso.mayb,empl.yedV,s.„sorana,swh,ch.«hermV^ 

I^n, Inses m mass due to analyte adsorption from pa,«on,ns. or, when corniced ^ 
S^dyeslop«calsen«» arrays, det,c«n,oharacte.ls«cop«c response s,gnah.es.nn»pon« 

!.^cr.nal,L,or,lne,ect,ochemlca,sensor arrays, de.ec.n,characteds.cpotenbal,our,.n. 
1 5 or conductance changes due to partitioned analytes. 

By way of example, copolymer sensors made from hydrophilic monomer, oligomer, and prepolymer 
rXand«,;.de,iva«vesarepar«cular,yuseful3scom«nat^^^ 

Tens^for hydrophilic analytes such as metals, sugars, amino adds, amines, and car^oxyj^ a«d. 
Hydrophilic copolymer sensors made from the following hydrophHic monomer. o^^9on.er.jn6 
20 prC^ercomposi«onsandtheirderivativesarethusparticu.ar1yuseful^ 

rrpa^oning approaches: anthrylpolyamines. po^ethylene glycols, pc^yalcoho s. po,y.n^ 
alcohols polyethe.. polyethylene o^des. polyesters. poW HEMA. polyethylene terepthaiate. 
polyamides. polyacnrlamldes. nylons, polycarboxylic acids, polyacnrlic add. or polymaleic acd. 

Alternatively, copolymer sensors made from hydrophobic monomer, oligomer, and prepolymer 
25 compositionsand their derivatives are particularly useful as combinatorial polymer synthesis candWate 
senso,sforhydrophobicana^suchasorganicvapo,sorliquK,s.alkanes.alken^^^ 
epoxides, polynuclear aromatic hydrocarbons (PAHs). polychlorobiphenyls (PCBs) and other 
hydrocarbons. Hydrophobic copolymer sensors made from hydrophobic monomer, oligomer, and 
prepolymer compositions and their derivatives containing the following functional groups are thus 
30 particularly useful as candidate sensors ^ich rely on partitioning approaches: alkanes. alkenes. 
alkynes. alcohols, epoxides, aromatics. and polycydic aromatics. 

Additionally, copolymer sensors whose diaracteristic polymer structure creates stertc impediments to 
analyte adsorption provkle for partitioning of analytes due to size exdusion effeds. By varying rabos of 
monomers or oligomers to crosslinkers in a prepolymer mixture, a diverse range of stenc effects are 
35 Introduced in a copolymer which pr vides for partitioning of analytes due to mol cularsize. Bywayof 
example copolymer sensors based on poly HEMAs. polyacrylamides. as used in eledrophores« gels. 
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and cellulose acetates, as employed in dialysis membranes, are particularly useful ligomer candidates 
for copolymer sensors of the present invention where analytes are detected by siz partit.on.ng o^rset 
analytes between the copolymer sensor and a fluid sample medium. For vapor sensing, polystyrene 
^ vanong amounts of divlnylbenzene may be employed to provide size exclusion of vapor analytes. 
5 Examples of cross^inkeis which are particulariy useful for such copolymer sensors include ethylene 
glycol dimethacrylate (EGDMA) for poly HEMAs. methylene bisacrylamlde with polyacnflamldes. and 
rflylbenzene for polystyrene. Such sensors are particularly useful for detec«ng target analytes such 
as vapors, macromolecules or oligonucleotides such as protean and DNA. Wrth such copo^mer 
sensors the relative size of target analytes provides for partitiontag of analytes between the copolymer 
10 and fluW medium and th« characteristic Is employed for detecting such analytes in a fluid due to a 
characteristic physical, electrical, optical or chemical response of the sensor to the partitioned analyte. 
These analyte-partitioning copolymer sensors are employed In sensor arrays which efther rely on 
detecting changes in mass due to analyte adsorption from partitioning, or. when comb.ned wrth 
fluorescent dyes in oplical sensor arrays, detecting characteristic optic response signatures In response 
15 to partitioned analytes. or. in electrochemical sensor arrays, detecting characteristic potential, current 
or conductance changes due to partitioned analytes. 

Particulariy useful candidate dye materials for either hydrophilic. hydrophobic or steric analyte- 
partitioning copolymer sensors discussed above include, for hydrophilic sensing environmer,ts 
metellochromic indicators, such as azo and triphenylmethane dyes, and fluorescent indicators which 
20 maybeincorporatedintoorconjugatedwithcopolymersensorsasdtecussedbelow. Particulariy useful 
candWate dye materials for such analyte-partitioning copolymer sensors in hydrophobic sensing 
environments include solvatochromic dyes. 

Other polymers and copolymers having distingufehable and characteristic swelling behavior, polarity, 
conductivity, resistivity, piezoelectric properties or chemical adsorption characteristics are Lkely 
25 candidate materials. Addffional sensor matrix candidate materials include copolymers of the 
compounds listed in Table 7. Tabte 8 and Table 10 of U.S. Patent 5.512.490 to Walt, et al.. which B 
incorporated herein by reference. 

in one alternative embodiment, the physical and chemical properties of copolymer sensor materials are 
further modrfied by the addWon of plasticizers. Including, but not limited to. tritolyl phosphate (TTP). 
30 triphenyl phosphate CTTP) or dibutyl phthalate (DBP). In another alternative embodiment, copolymer 
sensor materials may be further modified by attaching a desirable chemical functional group to the 
sensor surface or applying either a surface treatment or coating to modrfy the characteristic sensor 
response to analytes. 

\Where the addition f a particular chemical functionality to a copolymer sensor is desirable, xamples 
35 of surfac chemistries which may be attached to sensor surfaces are amin s. cartjoxylic adds. 
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aldehvdes aOphalic amines, amides, chlommethyl. hydrazide. hydroxyl. sulfate, sulfonate, aromatic and 
TramtTgroups Addftlonal chemical functionally has been utilized with polymer sensors to 

nTet anaWtes. Such functional«ies Include basic lnd-.cator chemistry sensors. enzyme4,ased 
llrs immlbased sensors and gene-sensors. Examples of such useful ^^<^ons^^;;;^,^ 
Z^nas. patent Application serial NO. 08/851^03 to Wa..eta,..«led on Mays. « 

incorporated herein by reference. 

B Polymerization and Initiators 
,„ febncabng copolymer sensors of preser* lr,ve,*n. pol,meriza«on of prepolymer 

mo Jer com«r,a»ons ma, b. achle^d e.erma, pofymertzaton. conder,sa«n 
TvZ^. l^<-> Poly-eHza^on. o, enher cs.aU,za«or. or predpl«on from so,^ 
followed by annealing. 

Thermal poWmenzaSon ma, be u«lized e«her o, wHKoo. «,e addBor, of .ar, ^ 
rt^mer.irLo,sma,beemp,o,ed»cor*o,,her«.of.herm,,poVme.iza.on.S,r.oeK,son^ 

Ltble .o oarr, oo. cpo„meriza«or, o, monomer mMoras a. ,o„ «mperaU,r. .o pre«n. »^ 
,«c«ons.lhe selecfion of .hem>aMnHia.orsbgenera,Vres«c.ed«>or,anlo parodies sud^^^ 

parodies or d-«Cpero»des, oroanic n,dr6poro»des. azo compounds, such as 
^„,,anoma,a*raa,en«,suchass,vara.^A»er™,l«.,.*.m,a.lr«..tonma,^^^ 

t, redox aoeoK for example, in aqueous soH«ons. a persulfa^ salt us«. m combinaton «ma 
^nredud,^a,en.ma,f6m.anln.em»dla..su«aterad,cal*»,andsuhs«,uen.h>,dr™^ 

Similar redo. reaCon ma, be used b, combina«on of alM b,dmperoxides 

agent such ferrous ion. AddMonall,. some monomers, such as sf/renes, undergo frea^ical 
poiwertzason when heated or exposed to excitation light energ,. Altematlvel,, anionic or calKM»c 
polymerization catalysts may also be employed. 

25 in one embodiment, combinatorial polymer synthesis is accomplished by way of condensation 
polymerization. Wrth this method, no initiator Is required and polymerization occurs by way of d.rect 
faction of desired monomers either in the presence or absence of a catalyst to stabilize a metastable 

intermediate. 

,n one preferred embodiment, photolnitiated polymerization is utilized. One ad>rantage of 
photopolymerization Is that it offers greater reaction control than themial polymerization and enables 
spatial control of local polymerization reactions which can be restricted to regions illuminated by directed 
light nergy. Photopolymerization may be conducted either with or without a specific photosensteer 
initiator compound. For example, in the absence of a specific photosensitizer. many candulate 
monomer materials that can undergo chain reaction polymerization are susceptible to 
photopolymerization since the absorption f light produces fr e radicals or ions. Examples of such 
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compounds are unsatuiated monomers Including, but not fimited to. vinyl allcyl ketones, vinyl bromides, 
styreneandderivativ s. methyl methaciylate and isobutyl ne. 

,n one alternative embodiment, a photosensHizer must be added to the prepohrmer m^re of 
monome,sfor photopolymerization of the copolymer. Photosensitlzers are compoundstt.at absorb l«ht 

5 inadesiredregionofthespectrum.typicallyultravioletorvisiblelight.andsubsequen^ 

free radicals or transfer absorbed energy directly to a monomer. Whfle some themial Initiators, such 
as azo compounds and peroxides are also photosensitizers. many alternative Initiators are used as 
photosensitizeis even though they do not-dissodate themially at useful temperatures. Examples of 
particularly useful photosensitizers are carbonyl compounds, such as acetone, blacetyl benzophenone 

1 0 benzoin, or a-chloroacetone. condensed ring aromatics. such as anthracene, peroxides, such as t-butyl 
peroxide or hydrogen peroxide, organic sulfides, such as diphenyl disulfide or dibenzoyi d^ulfide. azo 
compounds.such as azoisopropane. azobisisobutyronitrile or aryldiazonium salts. halogen-conta.n.ng 
compounds, such as chlorine, chloroform, carbon tetrachloride, bromotrichloromethane. bromoform 
or bromine, metal carbonyis. such as manganese pentcarbonyl and carbon tetrachloride or rhemunr. 

1 5 pentacarbonyl and carbon tetrachloride, and inorganic ions, such as FeOH*^ or FeCI,. In one preferred 
embodiment, benzoin ethyl ether initiator was utilized. 

C. Dye Selection 

For optical sensois which rely on light absorption and emission, the selection of chemical dye Indicators 
Is also important to the design and performance of the combinatorial copolymer sensors and sensor 
20 anaysofthepiesentlnvention. An important characteristic of candidate dye materials for optical sensor 
elements is that they can be readily incorporated Into copolymer sensor matrices and that, once 
incorporated Into a copolymer matrix, their optical response characteristics are modified by the located 
polymer microenvironment. In one embodiment, at least one dye Is incorporated Into the copolymer 
sensor matrix by way of entrapment. In an alternative embodiment, two or more dyes may be 
25 incorporated Into the copolymer sensor matrix and peak intensity ratio for the dye pair may be used for 
provWing a characteristic optical response signature for target analytes. In an alternative embodiment, 
conjugated dyes, such as acryloyi fluorescein and others, may be utilized where It Is desirable to 
incorporate the dye directly into the copolymer sensor material by way of covalent bonding. Partculariy 
useful references for selection of candidate dyes such as metallochromic indicators. Including azo and 
30 triphenylmethane dyes, and fluorescent indicators, which may be either Incorporated or conjugated wrth 
copolymer sensors of the present invention, is Indicatpr? [E. Bishop (ed.), Pergamon Press (New York 
1 972)1. and the 6th Edition of Molecular Probes Handbook by Richard P. Haugland. both of which are 
incorporated herein by reference. 

While the reporter dye may be either a chromophore-type or a fluorophore4ype. a fluorescent dye Is 
35 preferred because the strength of the fluorescent signal typically provides a better signal-to-noise ratio 
and improves detection of target analytes. In the most pref rr d mbodiment. polarity-sensitive dy s 
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K, hrnmic dves are utilized. Solvatochromic dyes are dyes whose absorption r mission 

7eTeZ.\Tn-^n peak emis^on wavelength due to a change in local polarity. Polanty changes 

j:rri"rwavelng.s«ftscanbe^^^ 
5 Wfemny t,ythepresenceofatargetanalyte.ort,ythecombinationofthecopoly,nerma^^^^^ 

^Z^rlln 1 dye. The change in polarity creates a characteristic op... r^^n^ 
rlr^wH^isusefulfordetec^ngspedfictargetanalytes. ^ne preferred solvatoch™m.cdy^^^^^ 

sgnaoJiB /Rochester NY). Nile Red exhibits large shifts in its emission 

ouoiisthle from Eastman KodaK ^Kocnesier, i^i/. 

t^ol. ^ac,y.o^(d,me««,a™,o)„ap.ha,e„., ava«ab.e from MolecuU, '^•"''^"^ 
Z^Lnto.are^.cu™.,nU.S.Pa.e„.S,S12.4,0«,W,,.e..,....««cHTat,e3.Ta«e 
15 4, Tables. TableeandTabteH are Incorporated herein by referenc. 

I»«,se,an^and.,pee or op^. sensor elernenlsrna, be .abr.ca«d»s.nso^.,^«n^^ 
„,*ep^lnve,,«onb,lncorpora.n,r.porterd,es.sochasm.«ochro.,>»,nd«a»rsm»^ 

^^^L.o,sol».ochron*d,.s.««*vaHous=opol,me,n«hic.so.«.nn,monorn.co,np^^ 

^inoorporatlns such d,es m sensor elements made ftom different copolymer matnces of var^ 
20 ^.^h,dro^oblc,W,poreslze,.le«b«^ands«o*,tend.ncy,u,*,uesenso,.arep,odu^^^ 

^!^«,e,.n«' with molecules of mdMdual analytes, dse to d,,.n,ul3hab,e and cha.aCenst» 
fluorescence responses when exposed to target analytes. 

D. Sensor Configuration 

Thesensorsof ti.e present invention can be configured in a variety of ways, including, but not limited to. 
25 polymerization of the copolymer sensors directiy on a substrate, polymerization of the copolym^ 
Lnsois onto the surface of microspheres, and polymerization of the copolymer sensors into 
microspheres: the latter t^o embodiments then distribute the microspheres on the substrate. 

In a preferred embodiment, the combinatorial copolymer sensors are polymerized directly onto discrete 
sites on a substrate. By "discrete sites' is meant individual sites or loci on a substrate. Thesrtesmay 

30 be a pattern, i.e. a regular design or configuration, or randomly distributed. A preferred embodiment 
utilizes a regular pattem of sites such that the sites may be addressed in the coordinate plane. A 
pattem m ttiis sense includes a repeating unit cell, preferably one that allows a high density of srtes on 
the substrate. However, it should be noted that thes sites may not be discrete sites. That is. rt is 
possibletous a unifom, surface of adhesive r chemical functionalities, for xample. that allows the 

35 association of copolymers, or in the case wher microspheres are used, for association of the beads 
atanyposilion.Thatis.thesurfac ofth substrate is modified to allow association of the copolymers 
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rmicrospheres) at Individual sites, whether or notthose sites are contiguous or non^ntiguous wltt. other 
^iT urface f the sut^ternay be modified such that d^crete^es are for„,ed «^^^ 

:^Harar;.eassoclatedcopo,n,er.oranen,a«ve,y^ 
copolymers may go down anywhere, but they end up at discrete sites. 

Bv -substrate- or -sond support- or other grammatical equivalents herein Is meant any mate^ 
^rorilntalndretelnd-^ualsnes. .n a preferred embodiment such sites are app.p^^ 
Re attachment or association Of beads. The substrate also IS amenable to at least 0^ 

irod /l L be appredated by those in the art the number of p 

:2esrb:^tetlnle.butarenotlimne^ 
) n^^rng ^ics. polystyrene and copolymer of styrene and other materials, polypropylene. 
ryLfpo^^^ polysaccharides, nylon or nnroce u,^. 

rels silica ;r sl.ra-based materials Including siHcon and modified silicon, carbon, metals, .norganic 

g!:rh^.Lico;ducto..andcompositesfabricatedfr^^ 
5 general, the substrates allow optical detection and do not themselves appreciably fluoresce. 

Suchsubstrate materials maybe precond'^oned orfunctionar.ed using f "fj^r^^^a" 

.eatmentssoasto improve sensor adhesion orto immobile sensors on thesubstrateTheu^^^^^ 

choice of a preferred substrate material depends on the actual sensor fom,at and transducton 
rhechanism as well as the targeted sensing environment and appllcaton. 

20 For electrical sensors, suitable substrates include conventional dielectric, magnetic, conducting^and 
semiconducting materials as well as electrical components such as electrodes, capacrtors. res«to^ 
diodes and transistors. For mass sensitive sensors, potential substrates Include any p.ezoelectnc 
materials or devicessuch asquartz crystal microbalances. microcantilevers. and surface acoustic wave 
devices For surface plasmon resonance sensors, potential substrates include thin reflect«,e surface 
25 films comprised of gold, silver, chrome, nickel or any other h«hly reflective material. For optical senso^ 
transparent, opaque or reflective substrates may be employed depending on the onentaton of the 
sensor relative to the analyte medium and Incident excitation light source, and detection means. In one 
preferred embodiment, an Individual fiber optic strand or a fiber optic array, comprising either a fiber 
optic bundle, or prefomied. unitary fiber optic array, or an Imaging fiber, comprised of a pluralrty o 
30 individual fibers, may be used as an optical sensor substrate where the excitation "S^t -d op.«l 
response of the sensor are conveyed to and from sensors which are immobirized on one end of the fiber 
strand or fiber array. 

Accordingly, a preferred embodiment utilizes fiber optic sensors. This is particulariy useful when 
photoinrtiation Is done. As one of ordinary skni in the art appreciates, when using fiber optic bundles, light 
35 IS transmitted through Individual fibers where It contacts the copolymer thereby inrtiating polymenzation. 
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Fromonetoall f the individual fibers of a fiber optic bundle ar Illuminated. In an alternative 
embodiment nly a subset of fibers are illuminated. 

in a preferred embodiment, the sensois of the Invention comprise microspheres. By -microspheres' 
or -beads- or -particles- or grammatical equivalents herein is meant small discrete particles. The 
composifion of the beads v«ll vanr. depending on the configuration of the array and the copolymers used. 
asv^n as the method of synthesis. Suitable bead compositions Include those used in peptide, nucleic 
add and organic moiety synthesis. Including, but not limited to. plastics, ceramics, glass, polystyrene, 
methylstyrene. acrylic polymers, paramagnetic materials, thoria sol. cartxjn graphite, titanium dlo«de. 
latex or cross4inked dextrans such as Sepharose. cellulose, nylon, cross^lnked micelles and Teflon 
may all be used. 'Microsphere Detection Guide- from Bangs Laboratories. Frshers IN is a helpful guide. 

The beads need not be spherical; irregular particles may be used. In addition, the beads may be 
porous, thus increasing the surface area of the bead available for exposure to the target analyte or for 
either Woactive agent attachment or IBL attachment The bead sizes range from nanometers, i.e. 1 00 
nm to mniimeters. l.e. 1 mm. with beads from about 0.2 micron to about 200 microns being preferred, 
and from about 0.5 to about 5 micron being particularly preferred, although in some embodiments 
smaller beads may be used. 

It should be noted that a key component of the invention is the use of a substrate/bead pairing that 
allows the association or attachment of the beads at discrete sites on the surface of the substrate, such 
that the beads do not move during the course of the assay. 

20 In a preferred embodiment the copolymers are polymerized onto the surface of the beads. This may 
be desirable to increase the surface area, particulariy when porous beads are used. Accordingly, each 
bead Is contacted with a different combination of copolymers which are then polymerized onto the 
surface of the bead. Thfe results in the formation of a population of heterogenous bead sensors. 
Alternatively, each bead is contacted with the same combination of copolymers which are polymerized 

25 to create a homogenous population of bead sensors. 

In a preferred embodiment the copolymers are polymerized into beads that are then distributed on a 
surface. For example, any of the copolymer combinations are used to fabricate beads in accordance 
with methods known to those of ordinary skill In the art 

E. Substrate Selection 

30 The combinatorial copolymer sensors of the present invention may be deployed on virtually any soHd 
substrate material as ither discrete individual sensors or as a plurality f sensor elements in as nsor 
array. Suitable substrate materials Include, but are not necessarily limited to metals, ceramics, glasses, 
plastics, polymers, graphites, semiconductors, and composites fabricated from such materials. Such 
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substrate materials are precondifioned or ftinctionalized using conventionally known surfac treatments 
so as to improve sensor adhesion or to immobifize sensors on the substrate. The ultimate cho.ce of a 
preferred substrate material depends on the actual sensor fomiat and transduction mechanism as well 
as the targeted sensing environment and application. 

5 For electrical sensors, suitable substrates Include conventional dielectric, magnetic, conducting, and 
semiconducting materials as well as electrical components such as electrodes, capacitors. res«to^. 
diodes and transistors. For mass sensitive sensors, potential substrates Include any piezoelectnc 
materials or devices such as quartz oystal mioobalances. microcantilevers. and surface acoustic wave 
devices For surface plasmon resonance sensors, potential substrates include thin reflective surface 

10 lflmscbmprisedofgoId.silver.chmme.nickeloranyotherhlghlyreflectivemateria1.For 

transparent, opaque or reflective substrates are employed depending on the orientation of the sensor 
relative to the analyte medium and incident excitation light source, and detection means. In one 
preferred embodiment, an individual fiber optic strand or a fiber optic array, comprising either a fiber 
optic bundle, or prefomied. unitary fiber optic array, or an Imaging fiber, comprised of a pluraffly of 

15 individual fibers, may be used as an optical sensor substrate where the excitation fight and optical 
response of the sensor are conveyed to and from sensors which are immobilized on one end of the fiber 
strand or fiber array. 

2. Sensor and Sensor Array Fabrication 

A. Discrete Copolymer Sensors 

20 For fabrication of sensor arrays comprising a selection of discrete copolymer sensors formed by the 
method of the present Invention, at least two or more monomers or prepolymers are employed at 
preselected monomer or prepolymer ratios so as to provide a broad range of monomer or prepolymer 
compositions. In one embodiment, an (80-85%) dlmethyl-(15-20%)(acryloxypropyOmethylsiloxane 
copolymer, commonly known as PS802 and available from Gelest Inc. (Tullytown. PA), and methyl 

25 methaciylate. commonly known as MMA and available from Aldrich (Milwaukee. Wl) were selected as 
example monomers for copolymerization. Typically, separate solitfons of monomer or prepolymer 
mixtures are prepared representing a range of monomer or prepolymer composition ratios. In one 
embodiment, the range of at least one monomer or prepolymer composition varies from between O to 
100% of the monomer. In an altemative embodiment, at least one composition ranges from between 

30 0 to 50%. In altemative embodiments, at least one composition ranges from between 0 to 25%. Other, 
more narrow, composition ranges may also be employed. 

The monomer or prepolymer mixtures are copolymerized on any suitable substrate (or into beads) by 
either a photoinitiated polymerization or a conventional thermal polymerization method. With ither 
method, an initiator solution and dye solution are add d to the prepolymer or monomer mixture ither 
35 prior to. during or atter polymerization for the purpos of minimizing xposure and controlling reaction 
with the initiator. In a preferred embodiment, a solvatochromic dye Is utilized. In ne preferred 
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embodiment. a solution of Nile Red in chloroform Is used as the dye solution and a solution of benzoin 
ethyl ether In toluene Is used as a photbinitiator. 

In one preferred embodiment each of the monomer mixture^ye^nitiator solutions is Individually 
photopolymerized and photodeposited onto the end of a prefomied fiber optic array or imaging fiber. 

5 in this embodiment, a dfetal end of the fiber is either immersed diredy In a prepolymer solution or 
altematively. a polymerization solution is applied to a distal end of the fiber. Using conventional optcal 
train components, a series of pinholes, lenses and objectives focuses an ultraviolet light beam on 
pre-selected fiber end faces of the fiber array. The light is transmitted down the length of the indMdual 
fibeis and exils at the distal end faces of the fibeis at the predetemiined fiber locations in the array. The 

10 photopolymerization of individual prepolymer monomer mixhires is thereby initiated at designated 
regions ac««sthe distal end surface of the fiber an^y. In this manner, the photodeposition method and 
system described herein provides for the formation of a pluraWy of discrete sensor elements and sensing 
regions across the distal end surface of the fiber an^y. 

Typical V the size of the photopolymerized deposit may be controlled by the polymerization reaction time 
15 and polymerization rate. The reaction r^te Is Influenced by polymerization light Intensity, concentrations 
of photoinitiator and monomers and choice of initiator and monomer composition. The see of 
photodeposits can be controlled over a diameter range from several microns, covering the end of an 
Individual fiber strand in the fiber optic array, to over 100 microns, covering adjacent multiple fiber 
strands. In one embodiment, each of the prepolymer monomer mixture solutions vms polymenzed for 
20 5 seconds, resulting in approximately ASpm-diameter polymer hemispheres or cones attached to the 
distal end of a fiber optic array, tyflultiple deposits of each monomer combination mixture may be 
polymerized at various fiber locations in the fiber optic array. By forming multiple deposits of each 
monomer combination, a sensor array having a unique arrangement of sensing elements is thereby 
produced. 

25 B. Copolymer Gradient Sensors 

Wrth the copolymer gradient sensors and gradient sensor arrays of the present invention, the elements 

of the sensor array are no longer discrete individual polymer deposits, but rather user-defined. 

regions-of-lnterest (ROO. outlining specific portions of the gradient polymer deposttto be monitored. 

Following ttie collection of asequence of fluorescence image frames with a CCD camera, one can use 
30 standard drawing tools included in commercial image processing software packages to either manually 

or automatically select areas of the gradient sensor images from virtiich to measure fluorescence. 

Examples of such pre-selected areas are shown in Figs. 5a-b and Figs. 8a-b. 

Typically, copolymer gradient sensors ar prepared by photodepositing a polymer strip from a 
prepolymer mixture having a time-varying monomer composition. In a typical procedure, the distal nd 
35 of a fiber optic array Is immersed in a stirred first solution comprising at I ast one monomer and a 
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photoinitiator. For photodepositlon of th copolymer, a UV excitation light beam Is scanned across the 
proximal end fthe fiber array at a pr determined scanning rate while a second solution, compnsmg at 
least one additional monomer and a photoinitiator. is simultaneously added and mixed with the fiisl 
solution Generally, both solutions are flushed with nitrogen prior to the mixing photopolymerizaton of 

5 the monomers. This photodeposition method produces a copolymerized polymer stnp having a 
continuously varying structure and composition over its entire length due to the monomer composrtion 
variation imposed In the prepolymer mixture during polymerization of the solution. After photodeposmon 
of the copolymer gradient strip, the deposH Is soaked in a dye solution comprising a soh«nt and d)^ 
rinsed and dried ovemight In a preferred embodiment, the copolymer gradient sensors are contacted 

10 with a dye solution comprising solvatochromic dye dissolved In an organic soh^ent that will swell the 
copolymer gradient sensor matrices. Inasubsequent step, the gradient sensors are washed to remove 

excess dye Typically, the sensors are washed in water, methanol, or any suitable solventthat does not 
swell the copolymer matrix, but In which the dyes are still soluble. This allows the residual dye to be 
rinsed off without rinsing the dye out of the sensor matrices. 

.jg C. Sensor Array Fabrication 

The copolymer sensor elements of the present invention may be deposited on any suitable substrate 
materials to fpmi a sensor or sensor array. A wide diversity of materials may be utilized as substrates. 
While the substrate may be formed from any suitable organic or inorganic materials, the substrate 
should be chemically inert to the sensor elements, target analytes and any analyte solvent matnx. 
20 Examples of suitable substrate materials include glass, ceramics, plastics, polymeric materials, metals 
or composite materials. The size, shape, and configuration of the substrate can be adapted to meet the 
requirements of a particular sensing application or environment. A principal requirement in selecting a 
suitable substrate dimension and configuration is that the substrate should provide for access of target 
analytes to the copolymer sensor elements. The variety of substrate configurations and shapes 
25 environed by the sensor of the present invention includes fibers, rods, plates, spheres, or any cun^ed. 
rectilinear or irregular surfaces as well as piezoelectric substrates and electrodes. 

In one embodiment for optical sensor arrays, a sensor array 1 00. comprising a plurality of individual 
sensors, are located adjacent to or attached to a distal end 212 of a optical fiber bundle 202. In one 
preferred embodiment, discrete sensois or gradient sensors are deposited directly on a distal end 212 

30 of a fiber bundle 202. It is important that the sensors and sensor array are located proximate to the distal 
end 212 of the fiber optic bundle 202 to ensure that the light returning In each discrete optical fiber 252 
predominantly originates from only a single sensor or a portion of a gradient sensor. This feature is 
necessary to enable the interrogation of the optical signature of individual sensors or portions of gradient 
sensors within the sensor array 1 00. and to provide for the summing of individual sensor responses 

35 within ach sensor type for reducing signal to noise and improving signal enhancement In this 
embodiment, the sensor adhesion or affixing technique must not chemically insulate the sensor from 
the analyte or otherwtee interfere with the optical measurement 
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,„ one preferred mbodiment achhdMdualopfical liber 252 of the fiber bundle 202 conveys light from 
a single discrete sensor or a portion of a gradient sensor. 

deZra,ra,such=saCCDcamer,.«« optica. sla™iu«sotdl,c,et.s«»c,s or po,.o,» of 9n««^^ 
sensors are Individually interrogatable. 

Where a fiber optic array Is employed as a sensor array 100 substrate, the fiber optic a^ay -ay *«a 
either a conventional imaging fiber, comprising a prefomied. unitary array of a plural"^ of pref^ 
individual fibers, or a conventional fiber bundle comprised of a plurality of discrete .nd^dual fibe^ 
where the individual fiber strands are disposed coaxially along their lengths. In one preferred 
embodiment, the individual fibers have a cladding for reducing optical crosstalk between fibers .n *e 
array, mne a fiber optic array will typically comprise thousands of discrete fibers of unrform diameter 
alternative embodiments can provide for variations in both the number of fibers and range of fiber 
diameters within an array. Individual fiber d-ameters of the fiber optic array may range from 
approximately 1 to 500 um. Individual fibers may have either a circular or non-drcular cross-secbon and 
n^ilres of cross-sections may be employed in an array. The indh«dual fibers of the array may 1^ 
arranged efther In coherent or incoherent manner. For the sensor arrays described in Examples 1-3. 
commerdalimage guideswere used asfiberopticarraysubs.rB.es for photodeposltion of *e copolv^er 
sensor elements. These image guides, available from Galileo Electro-Optics Corporaton (Sturbndge 
MA) typically compfee approximately 6000 optical fibers, each fiber having a 2-4 pm diameter, packed 
together m a coherent fashion such that spatial position is maintained from one end of the fiber to the 
Other. 

Priorto photodeposltion of copolymer sensor elements, the distal end surface of the fiber optic array fe 
typically cut to length, polished and prepared for photodeposltion. Generally, both the proximal and 
distal ends of the fiber array bundle are successively polished on 12 pm. 9 pm. 3 pm. 1 pm. and 0.3 pm 
25 lapping films. Subsequently, the ends may be inspected for scratches on a conventional microscope. 
The fiber Is typically rinsed in water and acetone and ultrasonically cleaned for several minutes to 
remove any polishing residue. The fiber is then allowed to dry prior to a sllanization treatment 

When the sensor comprises beads, the substrate can be prepared in a variety of ways. In a preferred 
embodonent. when the sensor comprises beads, the substrate may be prepared to include dscrete 
30 sites In a preferred embodiment, the surface of the substrate is modified to contain wells. I.e. 
depressions m the surface of the substrate. This may be done as is generally known in the art using a 
variety of techniques. Including, but not limited to. photolithography, stamping techniqu s. molding 
techniques and mlcroetching techniques, As will be appr dated by those m the art, the techniqu us d 
will depend on the composition and shape of the substrate. 
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ma preferred embodiment, physical atterationsar made In a surface of the sut«trat to produce 
Sites inapreferred mbodimenUhe substrate Is a fiber optic bundle and the surface ^^^^^^ 
is a temtinal end of the fiber bundle, as Is generally described In 08/818.199 and 09/151 .877. both o 
whichareherebyexpresslyincorporatedbyreference. mthisembodiment. wellsare made In atem^al 
5 or distal end of a fiber optic bundle comprising Individual fibers. In this embodiment the cores of the 
individual fibers are etched, with respect to the cladding, such that small v.ells or depressions are fomied 
at one end of the fibers. The required depth of the wells will depend on the size of the beads to be 
added to the wells. 

Generally in this embodiment, the microspheres are non-covalently associated In the wells, although 
10 the wells may additionally be chemically functionalized as Is generally described below, cross4.nk.ng 
agents may be used, or a physical barrier may be used. I.e. a film or membrane over the beads. 

In a preferred embodiment the surface of the substrate Is modified to contain chemically modified sites, 
that can be used to associate, either covalently or non-covalently. the microspheres of the invenbon to 
the discrete sites or locations on the substrate. -Chemically modified sites" In this context Includes, but 
15 is notfimited to.the addition of a pattern of chemical functional groups Including amino groups, carboxy 
groups. 0X0 groups and thiol groups, that can be used to covalently attach microspheres. wh.ch 
generally also contain corresponding reactive funcfional groups; the addition of a pattern of adheswe 
that can be used to bind the microspheres (either by prior chemical funcBonalization for the addrtion of 
the adhesive or direct addition of the adhesive): the addition of a pattern of charged groups (similar to 
20 the chemical functionalities) for the electrostatic association of the microspheres. I.e. when the 
microspheres comprise charged groups opposite to the sites; the addition of a- pattern of chemical 
funcdonai groups that renders the sites differentially hydrophobic or hydrophilic, such that the additon 
of similarly hydrophobic or hydrophflic microspheres under suitable experimental conditions will result 
In association of the microspheres to the sites on the basis of hydroaffinily. For example, the use of 
25 hydrophobic sites with hydrophobic beads. In an aqueous system, drives the association of the beads 
preferentially onto the srtes. As outlined above, -pattern" In this sense includes the use of a unifom™ 
treatment of the surface to allow association of the beads at discrete sites, as well as treatment of the 
surface resulting in discrete sites, /te wfll be appreciated by those in the art this may be accomplished 
ina>«rietyofvrays. 

30 The copolymer sensor elements may be deposited with or vwithout pretreating the fiber optic array end 
surface. In a preferred embodiment the distal end surface of a fiber optic array bundle Is typically 
activated with a silanoang reagent for improving the adhesion of the copolymer sensor deposit to the 
fiber array. For photodeposition of copolymer sensor elements, fiber array nds are typically treated by 
immersion in a 1 0% solution of 3(trimethoxysilyOpropyl-methacrylate in acetone, rinsed and cured In the 

35 absence of light for approximately one hour at room temperature. For thermal polymerization of 
copolymer sensor elements, the distal nd of a fiber array is typically treated with a 2% solution of 
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noctodecyttriethoxysllane in 95•^ ethanol-acetic add mixture at pH 4.5 for two minutes. The fiber end 
is rinsed with thanol and cured at 100'C for 10 minutes. 

For photodeposition of the copolymer sensor elements, in one embodiment the distal end of the fiber 
array may either be immersed in a prepolymer solution comprising a photoinitiator. dye. and at least two 
5 monomeisthatcanbephotopolymerized. Alternatively, the prepolymer solution may be apphed to the 
distal end of the fiber. In one embodiment, a solvent may be utilized for improvir,g the solubility of 
reagents in the prepolymer mixture. The proximal end of the fiber array is illuminated with excitabon fight 
at a predetemiined Intensity for a specified time depending on the composition and reactwrty of the 
prepolymer solution. The time and intensity of Ught exposure is established by shutter and radiometer 
10 settingsontiiephotodepositionsystem. In one embodiment, tiie fiber is niumlnated whfle the distal end 
Is immereed In ttie prepolymer solution. In an attemative embodiment, the fiber is dipped In the solution, 
removed and then fllummated. As a result of controlled illumination, a photodeposit of appropnate size 
and area is formed on the distal end of the fiber array. The photodeposition conditions may be 
controlled to produce precisely scaled, individual deposits on the end of each fiber In the fiber array or. 
1 5 alternatively, to produce a larger deposit which covers the ends of multiple adjacent fibers. Typically, 
for gradient sensor fabrication, a larger deposit encompassing multiple fiber ends is employed so that 
multiple regions^f interest within the gradient sensor can be optically coupled to Individual fibers in the 
fiber array. 

In an altemative embodiment, dye may be incorporated into individual copolymer sensor elements or 
20 asensorarrayfollowingphotodepositionofthecopolymermatrix. >With this embodiment the individual 
sensois or. alternatively, the entire sensor array may be exposed to a dye solution comprised of a dye 
and appropriate solvent For example, the copolymer sensors or sensor array may be contacted with 
a dye solution comprising solvatochromic dye dissolved in an organic solvent that will swell the 
copolymer gradient sensor matiices. In a subsequent step, the gradient sensors are washed to remove 
25 excessdye. Typically, the sensois are washed in water, methanol, or any suitable solvent that does not 
swell the copolymer matrix, but in which the dyes are still soluble. This allows the residual dye to be 
rinsed off without rinsing the dye out of the sensor matrices. 

In one altemative embodiment, a chemical moiety or functional group may be attached to copolymer 
sensor elements either prior to the dye incorporation step or following removal of excess dye after the 
30 incorporation step. 

D. Photodeposition System 
Photodeposition of ttie discrete copolymer sensors and gradient copolymer sensors was performed with 
a modified commercial photodeposition system. A schematic diagram of the photodeposition system 
50 is shovm in Fig. 1 . A Novacure ultraviolet spot-cure photodeposition system, available from EFOS 
35 (Ontario. Canada) was modified for the photopolymerization copolymer depositions of Examples 1 
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al330i»nv<a«lenglhandappro«iitialelyi"«u and concenlratioiB. The excitalioii 

prepolymer solution 150 of monomers, photoinitiator and dye. 
.„.po..e.^e.a.o.,dap„.o.,aBude.M~.(-^^^^ 

op,c ana,202 acrosa*. op«ca, a* »' ' ,c™ss«,e beam 

focal poirtiisinBthenanopoatoner136.Ahana new c .l,^-^,^ either the polymeilzalton 

^„ad*h h*dn, otthe ™„ome.,nthe --•"''^"^'^^^"J^^^^.rns.a.ed ac^aa a 

.her h.«.,e aoa. .a «. -'"f '"^"-'^^ITor:^ X-T^^ ofthe pho.od.pos«oh 
ataSonanr ph.xla.al ehd 214 of the liber bundle 202. WhJ. IhB ^^^^ 

25 that mulSple copolymer gradient sensors can be ,abn<>ated "^ ^^iJoi me light beam. 
p™amalendsu,face214of*e««ropfica,ra,202v^.esp.c.^.h,o^.™a.^^^^ 

ors.mu«ane.u^.u^n»d»c,.^-«'<^°^'"'"°'-.l^"'""CL^^^ 
.ghtbeamsto beft«used*™«aneo«l,onmulliple areas of the pro>am.l end surface 

array 202. 

30 3. Experimentel Measurements 

A. Sensing Apparatus and System: 

CharacteHs.c iemporal 0.^1 response data -«*^^taZt: ^n Z 
selected regions of copolymer gradlentsensoia responses to specie vapor anal^eaan^^^^ 

r,g,we™ made ac<»^™.o.hegenemlme^od.ap^s and ,ns,rumen„ho„d»closedb,V»h«e, 
35 etal..*.a(.C(.em.682191-2202(1996).h«eb,expressl,lncorporatadbyr I r nc . 
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^ block diagram lllustiBtes the experimental apparatus and Instrumentation 200 
,„Flg.2.asct,ematcWockd^r^^^ 

usedfordala ---^--^J^^^ 202 was placed In a fit^r chucK 210 and 
„,easurement, a proximal ^"^ ^^^^^^^ "^^^^ ' J^^^ 
se^redfor^e^ngv^Shanopbcal^me^^^-^^ 
5 AsensorarraylOOcompn^ngapU^^o^d^^^^^^ 

end 212 of ^^^^^^^^^^^ s^^^^^ol and .ide damp was used for .ev.no and 

alternative embod.ment.amlcroscopeZ20sp^^^^^^^^^^^^^.^^ 

po^^.sensoran3vsut^.--^9-^^ 
equipped wHh an e^l.um.nator 540 nm^N^^^^^^^^^^ 
,0 20X and 40x and Zeiss 100x objecbves. An Omega 560 ^^^^^^ ^^^^ ,00 

20 «^n» came™ 270. ... on. em^imen, . TE^CD^12EFT Pnnc«o„ U-^men^ 

Z .n, m, S,2 X 5,2 *an. CCD cme« 236 was .or =ap.u^9 »ame, o, 

l«c»;i*L,e^nce response images o.sensore,.man.s,n»,es.nsora.ra,,00. 

A.,OOAVMa=in,.sH PowerPC des«opcomp.Ur238w».aP«nce»n,ns.n,me„^^^^ 
irtertac card w=« emptoyed .o, data acquMon and pr«»ssin9 images acu,ed ty me CCD 

25 S^^pertmenis ,ene««, censi^ o, ce,,ec«ng video camera *ames o, fluor^cence respon«^ 
^lrecor*n,.»lmagesw»,.heCCD*ame»ans,ercamera270. Cap»,red anages are tt«n 
Z^.o,.« Jereintertace card ,,.«,e«mpu.ersys«m2.0. Depending on-herespo-^ 
:Zor.,emen>s.*ed„„^o,..ean,Me^.«re.n,„*..ao«on and ..e rise end 
responses «. an a„al,« exposure, camera »ame rates end measuremer, tmes are se,«.«l ft. 

30 Zlno.aeui,ab,enumbero,da.,po,n.s.Framecep^re,imesVpioa»yrange.«.ween80te250 



ms/frame. 



B. Sensor Response Testing: 
Accnven^onalairc^lu^on olfactometer andva^um^nm^lled vapor del^en.^^^^^^^ 
known and used in o«acto,y research and described In Kauer. et al.. J. Pt^ysiol. 272:495-516 (1977) and 
35 White. eta.../»na,.C/.e;n. 68(13)2191 (1996) was used to apply controlled pulses f anaWte vapor and 
air carrier gas to either a sensor substrate or the dfetal end 212 of a fiber optic sensor array 100 
cbntaining an array of discrete sensors or portions of gradi nt sensors. 
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A„,W. dB>«»s«« p«»iuced bv '^•^^ ^ ,,„o„ to th. sens., ana,. 

5 ^^an. ^;:„r2ruirrp:L.«,«n.,.,anaW»«porw»Hcan,a,.^ 

:,tr.r^rrrvap.p,ess„..s.---'---~--- 

1 .6x1 to 4.0x10-^ mol of analyte. 

te hmicallv delivered during the 1 1th through 30th frame. 

'° ri::rrr»r-e..n.snc.,...c.j^.;^^^^^^^^^ 

partom.edU. accounts, an, sensor .esponsesduetott-e vapor earner flas. 

T^esar^ran^o.Exan..e1 andE«n..eaware.esJea^«P^r«e^^^ 

.a.esen«^a„aw.«.^-^-----^^^^ 
U,,,pi=alsensorresponse«**»«*s^'^.^^^^^^ 

.ahavaporputeeduratonolls. The CCD can«ra ni g „„„^„3e^re,tt,o sensor ana, 
«„™d5x6«enhances«na.andrednce,.adou.tn,es. '"J^^^^^^^^.^^^^ 

20 wasMtollymuminated ««. 535nm lisht. and emission was momtored 

;^Xuidc.,s.a,.un,b,e««r(Can,bndgeResear*,nsmm..n«.Cambnd!,e.W 

4. Data processing and Analysis 

A. Data Procesang 

Po«o^...c=.,ec«onou.en.porauen.so,s.nsore.n«,«~a^^^^ 

or,n«»..plxe.sw«*conespondttan,nd.«iu^flbe,whe«mef^^ 
«„3ororapo,^no.ag,a^n.ser»ora,.sd-^ end. Themean^o,^^^^^^ 

^ «nooftheseseamen1slr» each frame in the sequence. This IS done Torooui f 

tosublractthebackgroundduetoairalone. The resutbng data can be plotted to yi 
responses for all sensor types of interest 

«,dauma™pu,aton,spertonnad».n>nm.,PUbprooran,en*onrn.n.,^ngs,m^e^^^^^^ 
b, «,e operator wWch ca« imbedded image or da« processing fun*ns. Tbese scnpB and ro,«nes 
35 consisi of a data colledion portion and a data anahfsis portion. 
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,n the data collection portion, there are three segments or loops as follows: 

. ^ This establishes the baseline fluorescence of each sensor. This loop can be shortenedor 
rnerarrsLrorfasterresponse^^^^ 

J,.., „,e3surement runs, this loop is set between 5 to 20 frames. 

uiiaiy^v^- •jrr- " 

..r- lonn A vaoor pulse is applied just before this loop starts by way of 

a script command that sends a 5 ^^'^^ • ,^ .^^p ^ 5-30 frames 

off. thereby allowing a vapor sample to emitftom the end or a nozzie. yv 

in duration with a 20 frame duration most common. 
20 frames duration In a 40 frame measurenwnt 

Fc .a* toop the frame rate and numt«r of frames captured are adlusted u. capture a"P>^ 
"„rcr^po»..fora=enaor.na,,te,nterac.on.Lcopdura.on.ndmeasura^^^^^^^^ 
,5 a*^*.raachmeasuremen,,oacccmm»late,herespons.ttmecfaensore^n^^^^^^^^ 

of »e anaMe-senso, array tnteraction and the rise and deca, of sensor responses to an anaiAa 



exposure. 

B. Data Analysis 



,„ the data analysis portion. p.«eleoted segments taken from a pre>*ousl, collected focus- Image ^ 
20 rr^"tZence^.ma9esco«ect«.. These segments. dra«n I, the user, allow the mean 
Z^L^easuredk.pa,.ou,arre*onsthroughou,.Helmage«eld. T,p,ca,l,.»,e,aredra«^ 
:^Li^t^orgroupso,|*<e.s.,a»hero,^sensor arm,, each ofwhichconta^^^^^^^ 

sensor or potion of a gradient sensor. The scdpt then enters a loop that steps through each frame 
ZsJi. mean ^el Intensit, v*. each sagmen. and places the values '^^'^ 
25 resutlingcclumnscan.hen.«plot.edto,le,dthetempo,alresponseofeachsensore^^^^ 

Before plot^, howe«r. responses are ,«-call, .«c^rou,^htraC.d and fhen '^'^^ 
one enIod*nent..he«albacl^mund signal, prior to exposing «,e sensor to an anat,te,,ssu«^^ 

,mm all data points and then normatized l„ di»ding each data point«lu. hy the "«»-"-;";"^ J" 
this embodiment the maximum response has a value of 1.0. In an alt.ma,i.e embod,me,«. the date 
30 pointsan.'^andaniized-bydividing.^da.aforeachs.nsorresponset^theSrs.po.nM^ «" 
1 mbodimen,. all responses are thus n.m,al^ed«. star. a. a value Of 1.0 for the pun^o 
facilitating th graphical display of all the temporal r sponses. In an allemalive proc«lur .1h 
background signal, pdor to exposing the sensor io an anal,... Is adiusted to staH a. a value of 0.0 by 
subtracting the mteger 1.0 from the standardized data points. 
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<^„«ona1sta«sli=ala,,al,slsols.nsortemp.nilresponsesmayl««..pk^-^ i.ls<< slrabl 

.?rrZ«»— .«n=capac»aso,e«he,*cra.ecopo,,merae,«^ 

sensc-s for app«ca«ons as ndi^dual sa„s..s .r as sensor .ten,a,* 1. „oss.,a*« se,«or a™^ 

5 ^HSesr^een s..«o.a are pa,«o„lar., use*., m compari™ se,«o, ca.««^ 
t^h LesBca, a„a„«c. me-hods are cnven*.na,W known ."<- aPP""" I" «» <»"™-' 
'^Ld dtussion o^ ..ese me«,ods are provided b, boU, R.G. Bre«»n ,see Cl^^- 

2^266) andD. U*,gsU.ne Ise. Da« A«Vs/. lor CHe^. Orfond Univ. Press (New York. 199S). p. 
10 38-40, 81-92. 103-112, 170-174J. 

CusteTanaWsls methods may be employed for quan«ative comparison of discrete sensor respons^ 

to spedfic analytes by characteri^ng the "di^milarit^ between the ^^"^^^^^ 
copoUrsensortypetoananalyte. V^rt^eavartetyof statistical measures are av^^^ 

sensor dissimnarity. a particularly useful approach involves representing each sensor 
point in multidimensional space and then calculating the Euclidean distance between po.nts [see TA. 
Dicldnson.etal..Ana/. Chem. 69(17):3413(SepL 1. 1997). In this method, the equabon 



15 



I /2 



defines the statistical distance between the temporal responses of sensors / and J. The squared 
difference between the fluorescence signal from the two sensors at each time point. f„ and « 
summed over all time points of the sensor response measurements. A diagonally symetncal d.stance 
20 matrix is generated for the entire sensor array and the distance sare used to constnict a <lendrogram 
allowing the identification of groups or clusters having similar responses. Asample apphcaton of th« 
rnethc^ is provided in Example 6 for analysis of responses of discrete combinatorial copolymer sensors 



to benzene. 



AS an optional approach for quantifying dissimilarities of gradient sensor regions of interest to specrtic 
25 analytes. a matrix of pa.n«ise Euclidean distances may be generated as above for each ROl of a 
gradient sensor and a control and the distance values for each matrix are totaled to provide a 
comparison of an average summed distance for the gradient and control sensor regions of '"teresL A 
conventional multidimensional scaling plot may be utilized for graphical display of obsenred dissimrtarrty 
between the gradient and control sensors. This graphical method provides a two dimensional 
30 representation of the painwse dissimilarities between responses of regions of interest for each sensor 
type. Asample apprication of the method b provided in Example 7 for analysis of responses of gradient 
combinatorial copolymer sensors to benz ne. 
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In one preferred embodiment, the reduced sensor array data are employed m a neural network analysis 
for identifying analytes according to th method disclosed in White, et al.. Ana,. Chem. 682193-2202 
(1996). 

5 Sensor Element Signal Enhancement 

5 In one aftemative embodiment, to impios« array detection response and sensitivity, the optical response 
signalsfrom a large number of discrete sensor elements within each sensor type may be summed by 
simply adding the baseline-adjusted intensity values of all responses at each time point, generatng a 
new temporal response comprised of the sum of all sensor responses for each sensor type. Sgnal 
summing can be perfomied in real time or during post-<lata acquisition data reduction and analysis. In 

10 one embodiment, signal summing is perfomied wfth Excel (Microsoft. Redmond. WA). a commeraal 
spreadsheet program, after optical response data are collected. 

In a typical procedure, the standardized optical responses are adjusted to start at a value of 0.0 by 
subtracfing the Integer 1 .0 from all nomialized data points. Doing this allows the baseline-loop data to 
remain at zero even when summed together and the random response signal noise is canceled out 

15 The vapor pulse-loop temporal region, however, exhibits a characteristic change in response, erther 
positive, negative or neutral, prior to the vapor pulse and often requires a baseline adjustment to 
overcome noise associated with drift in the first few data points due to charge buOdup In the CCD 
camera. If no drift is present, typically the basefine from the first data point for each sensor element is 
subtracted from all the response data for the same sensor element If drift is observed, the average 

20 baseline from the first ten data points for each sensor element sensor is subtracted from all the 
response data for the same sensor element 

By applying this basefine adjustment, when multiple sensor element type responses are added together 
they can be amplified while the baseline remains at zero. Since all sensor elements respond at the 
same time to the vapor pulse, they all see the pulse at the exact same time and there is no registering 
25 or adjusfing needed for overiaying their responses. Cumulative response data are generated by simply 
adding all data points in successive time intervals. This final column, comprised of the sum of all data 
points at a particulartime intenral. may then be compared or plotted with the individual sensor responses 
to determine the extent of signal enhancement or improved signal-to-noise ratios. 

EXAMPLE 1 

30 A copolymer sensor array comprising discrete sensors formed by the combinatorial method of the 
present invention vras made with two prepolymers. wrtiich were partially polymerized, and four discrete 
prepolymer composition ratios. An (80-85%) dimethyK1520%) (acryloxypropyl)methylsiloxane. 
copolymer. PS802. available from Gelest Inc. (Tullytown. PA) and methyl methacrylate. MMA. avaflable 
from Aldrich (Milwaukee, WO wer selected as example monomers for copolymerization. In«ne 

35 experiment a combinatoriai sensor array was prepared from separate prepolymer solutions containing 
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PS802yMMA combinations ranging from 0.0. 5.0. 20.0 and 50.0% MMA in PS802. in an altemaiive 
xperim nt.as c nd combinatorial sensor array was prepared from separate prepolymer solutions 
containing PS802fl^ combinations ranging from 0.0. 6.7. 33.3. and 50.0% MMA in PS802. In 
preparing each sensor array, dye solution of Img/mL Nile Red m chlorofom. and a SOmgMtL soluton 

5 ofbenzoinethyletherinttiatorintoluenewasaddedtoeachprepolymersolution. For both arrays, the 
prepolymer mixhjreKlyeHnitiator solutions were individually polymerized onto the end of a coherent 
imaging fiber using the photodeposition system described herein, to fom, a plurality of discrete sensing 
regions across the face of the fiber. Each of the solutions was polymerized for 5 seconds, resulting in 
approximately ASpm^iameter polymer hemispheres or cones attached to.the distal end of the fiber 

10 bundle. Dupficates of each monomer combination mixture were polymerized, yielding a total of eight 
spatially separated sensor elements. A fluorescence image of the first sensor array comprising sensors 
containing 0.00. 5.0. 20.0 and 50.0% MMA in PS802 Is shown in the PS802/MMA sensor array In Fig. 
3. Replicate sensor elements were deposited for each of the prepolymer combination mixtures. 

The second sensor array comprising sensors containing 0.00. 6.7. 33.3 and 50.0% MMA in PS802 was 
15 tested by exposing the array to a variety of analytes. Rgs.4a-d depict the fluorescence output of this 
sensoranayuponexposuretopulsesofvarioussaturatedvapors. As shown In these figures, each of 
the four prepolymer combinations produces a unique temporal optical response for each of the four 
analytes tested: benzene (A), hexane (B). 2-propanol (C) and ethyl acetate P). These results indicate 
that the optical responses for each copolymer sensor having a discrete prepolymer combination produce 
20 a unique and distinguishable response to the same pulse of four different analytes and thus provide a 
characteristic discriminating measure of the presence of a variety of target analytes. Figs. 4a-d also 
•indicate thatttie sensor response for each copolymer sensortype is reproducible and that replicates for 
each prepolymer combination produce «milar response curves. 

The diversity in copolymer sensor responses exhibfted by the various copolymer sensor types shown in 
25 Figs. 4a-d has utilrty for detecting and discriminating a variety oftarget analytes. demonstrating positive. 

negative, andbiphasic fluorescence changes In response to each analyte tested. The individual optical 

response characteristics for each of the copolymer sensor types contains numerous additional 

distinguishing features v^ch are useful for discriminating analytes as well, including different rise times. 

slopes, recovery rates, and sharp peaks associated with each sensor's characteristic response to each 
30 of the analytes tested. As shown by the results of Figs. 4a-d. this discrimination capacity is seen both 

between classes of analytes. such as aromatic and alcohol compounds, as well as writhin a class of 

analytes. such as methanol and propanol. 

From the results shovm in Figs. 4a-d. ft is important to note that there does not appear to be any obvious 
progresaon or linear relationship betw en the optical response characteristics of the prepolymer 
35 combinations and th pr polymer composition ratios for each copolymer sensor type. The response 
characteristics of th combinatorial copolymer sensors are thus not simply related to the proportion of 
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th two ougomeis or monomers utilized. The differences obsen,ed in the optical response 
characferistics of ttiese copolymer sensors Is due to a difference in the polarity, swelfing charactenstics. 
or chemical absorption of the copolymerized matrices fomied from each prepolymer combination. 
These results demonstrate that the combinatorial polymer sensors of the present invention provule 
unique characteristic optical responses from each monomer combination, that such sensors exhort a 
high degree of diversity in optical response to a variety of target analytes. that such sensors can 
discriminate between dasses and witiiin classes of target analyte compounds, that the sensor response 
is reproducible, and ttiattiie response characterfetics are not simply related to proportional ratios of the 
oligomer or monomer combinations. 
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EXAMPLE 2 

A copolymer gradient sensor was prepared by photodepositing a polymer strip from a prepolymer 
mixture having a time^«,ying oligomer or monomer composition. The distal end of a fiber optic bundle 
was immersed in 1 ml of a stirred solution containing PS901.5 (acryloxypropylmethyl siloxane). from 
United Chemical Technologies Inc. (Bristol. PA), in chlorofomi (1:1). with 27mg/mL of benzoin ethyl 
15 etiier miBator. For photodeposition of the copolymer, a UV light beam was focussed through a pinhole 
aperture and scanned across the face of the fiber optic bundle at a rate of 25Mmfe while I ml of PS802 
prepolymer solution (2:3 in chlorofomi. 30mg/mL BEE) was injected into the PS901.5 mbcture using an 
Orion Research (Boston. Ma) Model M361 syringe pump. Boti, prepolymer solutions were flushed with 
nitrogen for 20 minutes prior to mixing and polymerization. The beam scanning and mbdng of the two 
20 prepolymer solutions occurred simultaneously and continuously over a twenty^wo second 
photopolymerization period. This method of photodeposition produced a copolymerized polymer stnp 
with a continuously varying structure and composition gradient due to the photodeposition of a 
prepolymer solution ranging from pure PS901.5 to a 5:4 mixture of PS901.5 and PS802. Using the 
same procedure, but without the addition of a second monomer to the reaction vessel, a 
25 single-component polymer control strip of PS901.5 was polymerized onto the face of the same fiber 
optic bundle. Botti of the photodeposited polymer strips were soaked in a Nfle Red (Img/mL in toluene) 
solution for 30 minutes, rinsed with ethanol. and allowed to dry overnight 

For the resultant PS901 .5/PS802 polymerized copolymer gradient sensor (Fig. 5a). twelve regions of 
interest (ROl's) were drawn at various locations along the vertical axes of both the copolymer gradient 
30 sensor and an adjacent, single-comporient PS901.5 polymer control sensor stripe. The temporal 
fluorescence changes for each of ttie tiwelve ROFs of the copolymer sensor in response to vapor pulses 
of benzene (Fig. 6a) and mettianol (Fig. 7a) were found to cover a wide range of shapes and intensities. 
The corresponding ROl's of the PS901.5 polymer conUol sensor (Fig. 5b). however, yielded twelve 
temporal responses of roughly tti same shape in response to benzene (Fig. 6b) or methanol (Fig. 7b). 
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A copolymer gradient sensor array was also prepared using a PS802fl^ monomer combinat. n 
according to the method descnbed In Example 2. For this copolymer gradient sensor, a 1:1 solutonof 
MMA monomer in chlorofom, was slowly added to a 1 :1 prepolymer solution of PS802 in chlorofomi. 
each prepolymer solution containing 30 mg/ml of benzoin ethyl ether in toluene. During the continuous 

5 andsimultaneousaddifionandmixingoftheMMAsolutionwiththePS802soI^^^ 

focussed through a pinhole aperture and scanned acmss the face of a fiber optic bundle which was 
imme,s«l in the solution mixture, yielding a continuously varying, copolymer structure and composition 
gradient ac.t«s the liber bundle end face. This method of photodeposifion produced a copolymenzed 
polymer strip with a continuously varying structure and composition gradient due the photodeposition 

10 of a prepolymer solution ranging from pure PS802to a 1:1 mixture of PS802 and MMA. 

For the resultant PS802A4MA polymerized copolymer gradient sensor (Fig. 8a). twelve regions of 
interest (ROI's) were drawn at various locations along the vertical axes of both the copolymer gradient 
sensor and an adjacent, single-component PS802 polymer sensor control strip. The temporal 
fluorescence changes for each of the twelve ROI's of the copolymer gradient sensor in response to 
15 vapor pulses of hexane (Rg. 9a). methanol (Rg. 10a) and benzene (Rg. 11a) provide a broad diversity 
In optical response which Is useful for discriminating a variety of target analytes. The corresponding 
ROI's of the PS802 polymer sensor control strip (Rg. 8b). however, yielded twelve temporal responses 
of roughly the same shape in response to the analytes hexane (Rg. 9b). methanol (Rg. I Ob), or 
benzene (Fig. 1 lb). Thus, direct comparison of the observed optical responses for the copolymer 
20 gradient sensor and the polymer sensor control strip to the various analytes demonstrates the superior 
diversity in response and analyte discrimlnaling capability of the copolymer gradient sensors and sensor 
arrays of the present Invention. 

EXAMPLE 4 

The cluster analysis method was used to compare the dissimilarity of responses of the combinatorial 
25 copolymer sensors of Example 1 to benzene. A dendrogram was constructed for identifying and 
Isolating sensors having similar responses. The results are shown in the dendrogram of Rg. 12 where 
clusters of responses for simflar copolymer sensor composition are shown for 0% MMA (1 and 2). 6.7% 
MMA (3 and 4). 33.3% MMA (5 and 6) and 50% MMA (7 and 8) and dissimilarity of responses between 
duster groups are shown for the different copolymer sensor compositions. Rg. 12 also demonstrates 
30 the nonlinear relationship between copolymer composition and sensor response where the responses 
of sensors with a 50% MMA composition are more closely related to the responses of sensors with 0% 
and 6.7% MMA compositions than the 33.3% MMA composition. 

EXAMPLES 

The cluster analysis method was used to compare the dissimilarity of respons s of th combinatorial 
35 copolymer gradient sensor and control sensor of Example 2 to benzene. The responses of twelv 
regions of interest for each sensor type were compared in a multidimensional scaling plot for 
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representing the Increased dissimilarity between the gradient sensor and control s nsor regions of 
interest The results are shown In the muHWimensional scaOng plot of Rg. 13 where pa»rv«se 
dissimilarities between regions of interest for each sensortype are plotted. As demonstrated by this plot, 
the gradient sensor responses are more widely scattered than the control sensor. Indicating greater 
diversity in sensor response. 

Having described the preferred embodiments of the invention. H wai now become apparent to one of sidll 
in the art that other embodiments incorporating the concepts may be used. Therefore, it is not intended 
to limit the invention to the disclosed embodiments but rather the Invention should be fimlted only by the 
spirit and scope of the following claims. 
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What is claimed is: 

1. A sensor array comprising: 

a) a substrate comprising discrete sites; and 

b) a plurality of copolymer sensors distributed on said sftes. each of said sensors comprising 
5 a discrete mixture of at least a first and a second polymerizable material. 

2. A sensor array according to claim 1 wherein said copolymer sensors are on microspheres distributed 
on said sites. 

3. A sensor array according to claim 1 or 2 wherein said substrate is a fiber optic array. 

4. A sensor array according to claim 1 . 2 or 3 wherein said sensors further comprise at least one dye. 

10 5. A sensor array according to claim 1. 2. 3 or 4 further comprising a detector for detecting sensor 
responses. 

6 A sensor array according to claim 5 wherein said detector is an optical detector. 

7. A method of detecting the presence of a target analyte in a sample comprising: 

a) adding said sample to a sensor array comprising: 
15 i) a substrate comprising discrete sites; and 

iO a plurality of copolymer sensors distributed on said sites, each of said sensors 
comprising a discrete mixture of at least a first and a second polyermizable material; 

b) detecting an alteration in a property selected from a group consisting of mass, temperature, 
heat, light voltage, current polarity/intensity, refractive index, polarization, phase, wavelength, 

20 frequency, periodicity, and dimension. 

8. A method according to claim 7 wherein said said copolymer sensors are on microspheres distributed 
on said sites, ^ 

9. A method according to claim 7 or 8 wherein said substrate Is a fiber optic array. 

10. A method according to claim 7, 8 or 9 wherein said sensors further comprise at least one dye. 

25 11. A method according to claim 7, 8, 9 or 10 further comprising a detector for detecting sensor 
responses. 



12. A method according to claim 1 1 wrtier in said detector Is an optical detector. 
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13. A method of making a sensor array comprbing: 

a) polymerizing in a plurality f predetermined ratios: 

I) a first solution comprising a first polymerizable material; and 
0) a second solution compri^ng a second polymerizable material; 
5 said fatios being unique for at least two of said solutions, such that each polymerization reaction 

results in a different copolymer sensor; and 

b) distributing said copolynrier sensors on a sutistrate. 

14. A method according to claim 13 wherein said substrate comprises a fiber optic array. 

15. A method according to claim 13 wherein said copolymer sensors are polymerized onto 
1 0 microspheres that are distributed on said substrate. 

16. A method according to daim 13 wherein said copolymer sensors are polymerized into microspheres 
thai are distributed on said substrate. 
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AMENDED CLAIMS 

[received by the International Bureau on 5 May 2000 (05.05.00); 
original claims 1-16 replaced by new claims 1-16 (2 pages)] 

1 . A combinatorial polymer sensor comprising: 

a) a substrate; and 

b) a continuous gradient of copolymers distributed on said substrate, said gradient 
comprising a continuously varying mbcture of at least a first and a second polymerizable 
material. 

2. A sensor array according to claim 1 wherein said substrate is a fiber optic array. 

3. A sensor array according to claim 1 or 2 wherein said sensors further comprise at least one dye. 

4. A sensor array according to claim 1 . 2 or 3 further comprising a detector for detecting sensor 
responses. 

5. A sensor array according to claim 4 wherein said detector is an optical detector. 

6. A method of detecting the presence of a target analyte in a sample comprising: 

a) adding said sample to a sensor array comprising: 

i) a substrate; and 

ii) a continuous gradient of copolymers distributed on said substrate, said gradient 
comprising a continuously varying mixture of at least a first and a second 
polymerizable material; 

b) detecting an alteration in a property selected from a group consisting of mass, 
temperature, heat, light, voltage, current, polarity, intensity, refractive index, polarization, 
phase, wavelength, frequency, periodicity, and dimension. 

7. A method according to claim 6 wherein said substrate is a fiber optic array. 

8. A method according to claim 6 or 7, wherein said sensors further comprise at least one dye. 

9. A method according to claim 6, 7 or 8, further comprising a detector for detecting sensor 
responses. 

10. A method according to claim 9 wherein said detector is an optical detector. 

11 . A method of making a sensor array comprising: 

a) polymerizing in a plurality of predetermined ratios: 

i) a first solution comprising a first polymerizable material; and 
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ii) a second solution comprising a second potymerizabi material; 
said ratios being unique for at least two of said solutions, such that each polymerization 
reaction results in a different copolymer sensor, and 

b) distributing said copolymer sensoi^ on a substrate, said substrate comprising a surface 
comprising discrete sites. 

12. A method according to claim 1 1 wherein said copolymer sensors are polymerized onto 
microspheres that are distributed on said substrate. 

13. A method according to claim 1 1 whereiri said copolymer sensors are polymerized into 
microspheres that are distributed on said substrate. 

14. A method of making a combinatorial sensor comprising: 

a) providing: 

i) a substrate; 

ii) a continuously varying mixture comprising at least a first and a second 

polymerizable material; and 

b) polymerizing on said substrate at a predetemnined rate said continuously varying 

mixture. 



15. A method according to claim 1 1 or 14, further comprising combining at least one dye to 
continuously varying mixture. 

16. A method according to claim 11 or 14. wherein said substrate is a fiber optic array. 
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